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1
ENHANCER-CONTAINING GENE TRAP
VECTORS FOR RANDOM AND TARGETED
GENE TRAPPING

The present invention relates to a novel class of gene trap
vectors for efficiently identifying silent or weakly expressed
target genes in mammalian genomes, methods of their pro-
duction and methods for identifying and mutating target
genes. The gene trap vectors of the present invention can also
be used for inducing the expression of silent genes and
enhancing the expression of weakly expressed genes. The use
of the enhanced gene trap vectors for creating transgenic
organisms to study gene function and to validate pharmaceu-
tical compounds prior to clinical applications is a further
aspect of the present invention. The novel gene trap vectors as
referred to herein are termed as “enhanced gene trap vectors”
(eGTV).

BACKGROUND OF THE INVENTION

In the past few years, a variety of gene trap vectors have
been shown as being useful tools for the identification and
analysis of permanently or transiently expressed genes. Stan-
dard gene trap vectors are DNA or retroviral vectors that
insert a promoterless reporter gene into a large number of
chromosomal sites. A classic gene trap vector integrates into
introns, which are the non-expressed regions of a gene.
Introns are flanked by exons, which are the expressed regions
of'a gene. Transcription of a trapped mammalian gene yields
a primary messenger RNA consisting of exon, intron and
vector sequences. Primary mRNA processing removes the
intron sequences and splices the exons together at specific
sites (splice sites) located at the 5' and 3' ends of each exon. As
a result, the gene trap vector sequences encoding for the
reporter gene become associated with the upstream exons in
a processed fusion transcript from which a truncated cellular
protein is translated together with the reporter protein.

With the completion of sequencing of the human and
mouse genomes, the interest in tools suitable for performing
genome-wide mutagenesis has significantly increased. Large
scale insertional mutagenesis in mammalian cells has been
most effectively induced with conventional gene trap vectors
(Hansen, J. et al., Proc. Natl. Acad. Sci. USA 100:9918-22
(2003); Skarnes, W. C. et al., Nat. Genet. 36:543-4 (2004);
Wiles, M. V. et al., Nat. Genet. 24:13-4 (2000); Zambrowicz,
B.P.etal., Proc. Natl. Acad. Sci. USA 100:14109-14 (2003)).
When selecting genes by means of their expression, recom-
binants will be obtained in which the reporter gene is fused to
the regulatory elements of an endogenous gene. Transcripts
generated by these gene fusion faithfully reflect the activity of
individual cellular genes and serve as molecular tags to iden-
tify and/or clone any genes linked to specific functions. Thus,
gene trap vectors simultaneously mutate and report on the
expression of an endogenous gene at the site of insertion and
provide a DNA tag for a rapid identification of the disrupted
gene. The application of this technique in a genome-wide
manner should allow for the identification of most, if not all,
active transcripts in a genome and is thus an important tool for
genome annotation. More importantly, gene trapping in
mouse embryonic stem (ES) cells enables the establishment
of ES cell libraries with mutations in a substantial fraction of
genes in the mouse genome, which can be used to produce
transgenic mice®®. Thus, the gene trapping methodology
enables the analysis of gene function in the context of an
entire organism.

For some years targeted mutagenesis in pluripotent mouse
embryonic stem (ES) cells has been used to inactivate genes
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for which cloned sequences were available (Capecchi, M. R.,
Trends Genet. 5:70-6 (1989)). Since ES cells can pass muta-
tions induced in vitro to transgenic offspring in vivo, it is
possible to analyze the consequences of gene disruptions in
the context of entire organisms. As a result, numerous mouse
strains with functionally inactivated genes (“knock out
mice”) have been created by this technology. However, tar-
geted mutagenesis requires detailed knowledge of gene struc-
ture and organization as well as its physical isolation in a
cloning vector. Overall, the generation of mutant mouse
strains by this procedure is still time consuming, labor inten-
sive, expensive and inefficient because it can handle only one
gene at the time.

The principal element of a standard gene trap vector is a
gene disruption and selection cassette (GDSC) consisting of
a promoterless reporter gene and/or selectable marker gene
flanked by an upstream 3' splice site (splice acceptor; SA) and
a downstream transcriptional termination sequence (polyade-
nylation sequence; polyA; see FIG. 1). The GDSC is inserted
into an intron of a target gene and transcription takes place
from the upstream target gene promoter. Since the 3' end of
the exon upstream of the vector insertion is flanked by a splice
donor (SD) site, it is spliced to the GDSC resulting in a fusion
transcript in which the upstream exons of the trapped gene are
fused in frame to the reporter and/or selectable marker gene.
Due to the presence of a polyA sequence in the GDSC,
transcription is terminated prematurely, and, as a result, any
exon(s) downstream of the GDSC are not transcribed any-
more. Consequently, the processed fusion transcript encodes
atruncated form of the target gene, consisting of the upstream
exon(s), and the reporter/selectable marker gene.

From the above itbecomes apparent that standard gene trap
vectors can only disrupt genes that are actively transcribed in
the target cell. Genes that are not expressed or expressed only
too weakly for detection, i.e. at low expression levels, cannot
be recovered by standard gene trapping. This poses a signifi-
cant problem for genome-wide mutagenesis programs seek-
ing a large scale and cost-effective functional analysis of the
~30,000 mammalian genes. In mouse embryonic stem (ES)
cells, for example, only about one half of all genes are
expressed, leaving ~15,000 genes inaccessible to standard
gene trapping. The overall impact of a gene trap resource for
elucidating gene function in vivo will thus rest on the fraction
of'the genome that is accessible with the standard gene trap-
ping technology.

In order to trap genes that are not accessible to standard
trapping, gene trap vectors that can be activated indepen-
dently of gene expression have been developed previously.
These vectors are based on a selectable marker gene flanked
upstream by a constitutive promoter and downstream by a 5'
splice site (splice donor, SD) (Zambrowicz, B. P. et al., Nature
392:608-11 (1998)). These elements are inserted downstream
of a standard GDSC such as described above.

An insertion of these standard vectors into an intron of a
gene induces splicing of the selectable marker gene, which, in
turn, becomes associated with the downstream exon(s) of that
gene. As aresult, the cells express a fusion transcript initiating
at the constitutive promoter and terminating at the polyA site
of the trapped gene (=polyA trap). Since the selectable
marker gene is expressed independently of the trapped gene’s
expression, poly-A traps should, at least in principle, enable
the recovery of mutations in any gene.

However, there are some major drawbacks with these gene
trap vectors and gene trapping methods. Several large scale
screening efforts in ES cells with this technology have shown
that polyA-containing gene trap vectors generate a high num-
ber of false positive recombinants and, more importantly, are
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not considered to be highly mutagenic (Zambrowicz, B. P. et
al., Proc. Natl. Acad. Sci. USA 100: 14109-14 (2003)). So far
two main reasons have been cited for their poor performance:
(1) the vectors frequently acquire cryptic polyA sites on the
non-coding strands of genes, and (ii) selection is biased for
gene trap insertions close to the 3' ends of genes, which are
frequently non-mutagenic.

From the above it follows that there exists a need for gene
trap vectors and gene trapping methods that overcome the
above drawbacks, and which are efficient in the identification
and mutation of cellular genes that are either not expressed or
expressed too weakly to be detected by standard detection
methodology. Thus, the provision of a gene trap strategy
making most, if not all, genes of a genome accessible to
effective trapping in a target cell would be highly desirable.

The problem underlying the present invention can thus be
regarded as the provision of a gene trap vector and a gene
targeting cassette that allows for the identification of gene
products that are normally not expressed or expressed at
non-detectable expression levels in a mammalian target cells.
The solution provided by the present invention thus concerns
a gene trap vector (eGTV) as defined in independent claim 1.

SUMMARY OF THE INVENTION

The present invention relates to a novel class of gene trap
vectors that are capable of targeting genes independently of
their expression.

In a first aspect of the invention, the gene trap vector of the
invention comprises a gene disruption and selection cassette
(GDSC) and at least one cell type-specific enhancer element
that can be placed at any site within the vector, preferably
upstream of the GDSC.

In a further aspect of the invention ubiquitous enhancer
elements may be used. Such ubiquitous enhancer elements
are e.g. the aldolase A enhancer (Moch C. et al., Gene Expr.
6:1-14 (1996)), the ployoma virus enhancer (Tanimoto K., et
al., Nucleic Acids Res. 27:3130-3137 (1999)), the Oct-1
enhancer (Kemler I. et al., Nucleic Acids Res. 19:237-242
(1991)), and the murine adenosine desamidase enhancer
(Winston J. H. et al., Somat. Cell Mol. Genet. 22:261-278
(1996)).

In a further aspect the gene trap vector of the invention
comprises more than one enhancer element upstream and/or
downstream of the GDSC. The GDSC of the invention com-
prises from 5'to 3": a splice acceptor sequence, a reporter gene
and/or selectable marker gene and a transcription termination
site. Preferably the transcription termination site comprises a
polyA stretch consisting of adenylic acid (poly A) repeats.

In another aspect the enhancer elements of the present
invention are located downstream of a target gene promoter
and contain binding sites for transcription activating factors.
Preferred enhancer elements of the invention are of the class
of responsive elements containing repeat units of specific
recognition sites for the corresponding enhancer element-
binding partners.

In a further preferred embodiment, the enhancer elements
are stretches of nucleic acid sequences of natural or synthetic,
viral or non-viral origin that bind transcription activating
factors in a sequence-specific manner. Examples are enhancer
elements comprising hormone responsive elements, tran-
scription factor binding elements, viral enhancer elements.
Enhancer elements of the invention may comprise transcrip-
tion factor binding sites for AP-1, AP-2, CRE, SRE, NF-kB,
SRF, SP1, Octl, Oct2, Oct3, Oct4 transcription factor binding
sites. Preferably, the transcription factor binding sites are
arranged as tandem repeats.
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In a further aspect the enhanced gene trap vector of the
invention comprises recombinase recognition elements for
introducing GDSC inversions by site-specific recombinases.
Examples of such recognition elements are FRT and IoxP
recombination target sequences.

In a preferred embodiment, the gene trap vector of the
invention contains one or more Oct-4 responsive enhancer
elements that are inserted between two homotypic or hetero-
typic site-specific recombination targets (RTs).

In a preferred embodiment the reporter gene of the GDSC
is -galactosidase and the selectable marker gene is the neo-
mycinphosphotransferase spliced together in a fusion gene.

In a preferred embodiment, the gene disruption and selec-
tion cassette (GDSC) and the enhancer element(s) are inte-
grated in a retrovirus or a plasmid.

Preferred embodiments of retroviral gene trap vectors are
FlipROSAPgeo, eFlip3ROSABgeo and eFlip6ROSAPgeo
comprising a puromycin resistance gene inserted down-
stream of the GDSC allowing for the quantification of gene
trap insertions (WO 01/29208).

In another aspect, the present invention relates to a method
for generating a transgenic non-human organism comprising

(1) incorporation of a gene trapping construct of the present
invention into a cell of said non-human organism; and

(i1) selection of cells in which said gene trapping construct
is incorporated in a gene.

In a preferred embodiment of said method, it is suitable for
identifying and/or isolating of a target gene in a non-human
organism and comprises the steps:

(1) incorporation of a gene trapping construct according to

the present invention in a vertebrate cell;

(i1) selection of cells in which the gene trapping construct
is incorporated in a gene; and optionally

(ii1) identification and/or isolation of the gene in which said
gene trapping construct is incorporated.

In yet another aspect of the present invention, the gene trap
vector can be used for mutating a target gene in a mammalian
cell. The method for mutating a target gene in a mammalian
cell, comprises

(1) transfection/infection of said cell with a gene trapping
construct according to the present invention;

(i) incorporation of the gene trapping construct into the
target gene, wherein the incorporation results in a trun-
cated non-functional expression product.

It thus follows that the gene trap vectors of the present
invention can be used for detecting, identifying or mutating a
functional gene in a cell.

In another aspect, the gene trap vectors of the invention can
be used for the generation of a gene trap library comprising
gene trap insertions identified by the gene trapping methods
of the present invention.

In a further aspect, the gene trap vectors of the invention
can be used for targeted gene trapping in combination with
homologous recombination.

In another aspect, the gene trap vectors of the invention can
be used to create mouse mutant strains which are, among
others, useful as models for genetic human disease and for
validation of pharmaceutical compounds by monitoring in
vivo effects of said compounds.

DESCRIPTION OF FIGURES

FIG. 1: Mechanism of eGTV activation. Insertion of
enhancer elements binding a cell type specific transcription
factor along with a gene disruption and selection cassette
(GDSC) into an intron of a silent gene leads to its activation.
SA=splice acceptor, pA=polyadenylation sequence.
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FIG. 2: Enhanced target-directed gene trapping (targeted
trapping). A GDSC is inserted together with enhancer ele-
ments binding a specific transcription factor into the intron of
a silent target gene by homologous recombination. The eGTV
activates gene expression and enables drug selection of
homologous recombinants. SA=splice acceptor,
pA=polyadenylation sequence, HA=homology arms.

FIG. 3: The Oct-4 intronic enhancer of the osteopontin
gene. (A.) Position of the Oct-4 enhancer in the osteopontin
gene. (B.) Sequence of the Oct-4 responsive element (ORE)
used in the eGTV vectors. The Sox2 (S) binding sequence has
been inactivated by mutagenesis. O=Oct-4 binding sequence,
E=engrailed binding sequence.

FIG. 4: Conditional gene trap vectors. (Top) classic; (Bot-
tom) enhanced. LTR=long terminal repeat, SA=splice accep-
tor, Pgeo=p-galactosidase/neomycin-phosphotransferase
fusion gene, pA=polyadenylation sequence, ORE=Oct-4
responsive elements. Triangles represent the homotypic and
heterotypic site specific recombinase recognition targets for
the FLPe (frt, F3) and Cre (IoxP, Iox511).

FIG. 5: Comparative rates of trapping exhibited by
enhanced and non-enhanced gene trap vectors. Unique genes
were identified by blasting (BLASTN) the GTSTs against the
RefSeq database. The number of novel genes among accu-
mulating insertions was determined chronologically.

DEFINITIONS

“Upstream” refers to nucleotide sequences that precede the
codons specitying the mRNA or that precede (are on the 5'
side of) the protein coding sequence.

“Downstream” refers to nucleotide sequences that follow
the codons specifying the mRNA or that follow (are on the 3'
side of) the protein coding sequence.

“Target Gene” defines a specific locus on a chromosome
consisting of exons and introns to be trapped by a gene trap
vector.

“Transcription activating factor” refers to a compound, e.g.
a protein, polypeptide or peptide that has the ability of induc-
ing gene expression by binding to a specific nucleic acid
sequence (DNA, RNA).

“Transcription factor” refers to a compound, such as a
protein, polypeptide or peptide that binds to one or more
transcription factor recognition sites in the proximity of a
gene promoter resulting in an activation of mRNA synthesis
of said gene.

“Silent promoter” refers to a promoter that is not activated
and consequently does not express the gene under control of
this promoter.

“Silent gene” refers to a gene that is not expressed.

“Weakly expressed gene” refers to a gene, which is
expressed at low expression level, wherein said expression
levels are lower than that of a normally expressed gene. Also
encompassed by the terms “weakly expressed” are a number
of copies of the expression product that is too low to be
detected by conventional standard detection methods.

“Gene disruption and selection cassette (GDSC)” refers to
genetic elements comprising from 5' to 3' a splice acceptor
sequence, a reporter and/or selection gene and a transcription
termination site (e.g. poly A repeats).

“Gene trapping” refers to a random mutagenesis approach
in functional genomics and is based on the random integration
of a gene disruption and selection cassette into a genome.

“Targeted trapping” refers to a gene specific mutagenesis
approach in functional genomics and is based on the insertion
of'a GDSC into the genome by homologous recombination.
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“Gene trap vector” refers to a promoterless gene trapping
construct consisting of nucleic acid, wherein the gene trap-
ping construct is capable of generating a fusion transcript
with the targeted endogenous gene. The presence of splice
acceptor elements in the gene trap vector results in the gen-
eration of a fusion protein after its insertion into introns.

“Enhanced gene trap vector” (eGTV) refers to a gene trap
vector, which contains one or more enhancer elements in
addition to a gene disruption and selection cassette (GDSC).

“Reporter gene” refers to a gene encoding for a gene prod-
uct (e.g. CAT, § galactosidase, fgeo, GFP, EGFP, alkaline
phosphatase) that can be readily detected by standard bio-
chemical assays.

“Selectable marker gene” refers to a gene whose expres-
sion in a transfected cell allows for the isolation of gene trap
vector-expressing cells in drug-containing media (e.g. neo-
mycin, puromycin, diphtheria toxin).

“PolyA” (A=adenylic acid) refers to a nucleic acid
sequence that comprises the AAUAAA consensus sequence,
which enables polyadenylation of a processed transcript. In a
gene disruption or selection cassette (GDSC), the polyA
sequence is located downstream to the reporter and/or select-
able marker gene and signals the end of the transcript to the
RNA-polymerase.

“Splicing” refers to the process by which non-coding
regions (introns) are removed from primary RNA transcripts
to produce mature messenger RNA (mRNA) containing only
exons.

“5' splice site” (splice donor SD)” and “3' splice site”
(splice acceptor SA) refer to intron flanking consensus
sequences that mark the sites of splicing.

“Enhancer element” or “enhancer” refers to a nucleic acid
sequence, which can increase the levels of transcription of a
gene into messenger RNA. Typically, an enhancer element
functions in either orientation and at various distances from a
cellular promoter.

“Responsive enhancer element” refers to an enhancer ele-
ment, which is specific for a particular transcription factor.
When bound by the specific transcription factor, the levels of
expression of the gene are enhanced. An example is the Oct-4
responsive element (ORE), which in combination with the
transcription factor Oct-4 increases the gene’s expression
level.

“GDSC inversion” refers to an aberration in which a GDSC
segment is deleted, reinserted and turned by 180 degrees from
its original orientation, so that the gene sequence for the
segment is reversed with respect to that of the rest of the
chromosome. Said inversions can by accomplished by using
recombinase enzymes (e.g. Cre, FLPe, ¢C31).

“Tandem repeats” refers to copies of genetic elements
repeated one after another along a genomic or vector site.

“Homotypic” means being of the same type or form.

“Heterotypic” means being of different type or form.

“ROSA” (Reverse-Orientation-Splice-Acceptor) refers to
a gene trap cassette inserted into a retroviral backbone in
reverse transcriptional orientation relative to the retrovirus
(Friedrich, G., Soriano, P., Genes Dev. 5:1513-1523 (1991)).

Sequence Listing

SEQ ID NO: free text
1 FlipROSAPGeo(int)
2 pBABE:rfl
3 FlipROSAPGeo
4 eFlip3ROSAPGeo
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-continued

Sequence Listing

SEQ ID NO: free text
5 eFlip6ROSAPGeo
6 FlipROSAPGeoPuro
7 eFlip3ROSAPGeoPuro

8 eFlip6ROSAPGeoPuro

9-16 primer I1, I3, 12, 14, 16, I8, I5 and I7
17-18 oligonucleotides P5 and P6
19-20 primer P7and P8
21-24 primer
25-32 oligonucleotides 116, SR1, I15, ISR2, 114,

iPCRu3, I13 and iPCRu4

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a novel class of gene trap
vectors with the ability to trap silent or weakly expressed
genes in a vertebrate genome. More specifically, the gene trap
vectors and gene trapping constructs of the invention allow
for trapping genes that are expressed at a low expression level,
i.e. genes that usually escape detection by standard detection
methods because the copy number of their expressed products
is too low to be detectable by standard detection methodology
(e.g. by utilization of antibodies in Western blotting or ELISA
(enzyme-linked immunosorbent assay). This novel class of
gene trap vectors will be in the following referred to as
“enhanced gene trap vectors” (eGTV).

The invention is based on the finding that the expression of
a silent or weakly expressed gene can be induced or enhanced
by using a gene trap vector construct that contains one or
more enhancer elements capable of activating the trapped
gene’s promoter. This, in turn, activates gene trap expression,
which enables further analysis of the gene. By using enhancer
elements that are responsive to cell type specific transcription
factors in gene trap vectors, it is possible to disrupt genes that
are not accessible to standard methodology.

Gene trap vectors have been designed containing a stan-
dard GDSC in combination with at least one enhancer ele-
ment that can insert either randomly (gene trapping) or spe-
cifically (targeted gene trapping) throughout the genome. It is
preferred that the gene trap vectors of the invention integrate
in non-expressed sites of the genome (introns), i.e. between
the expressed regions (exons) of a gene. Following transcrip-
tional activation of the trapped gene by means of the inserted
enhancer elements, a fusion transcript is generated between
the upstream exons and the GDSC resulting in a selectable
mutation. To determine the identity of the trapped gene, the
fusion transcript can be reverse transcribed, amplified by
PCR and subsequently sequenced.

Conventional gene trap vectors and classic gene targeting
methods require gene expression for the successful mutagen-
esis of target genes. However, genes that are not actively
transcribed cannot be disrupted by these methods. Depending
on the cell type, between 50-80% of all genes are not tran-
scribed under natural conditions because the cell does either
not require the gene product for survival and proliferation, or
because the cell has ceased to differentiate any further.

We therefore sought to provide a gene trap vector with the
ability to either induce gene expression or to enhance gene
expression of a target gene. To achieve this, the gene trap
vectors of the invention contain at least one enhancer element
serving as a binding site for transcription activating mol-
ecules that, when bound, are able to turn on the transcription
of the trapped gene.
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The gene trap vectors of the invention are equipped with
cell type specific enhancer elements that are placed into the
target genes upon vector insertion. It is preferred that one, two
or more enhancer elements are arranged within the gene trap
vector depending on the degree of activation and/or class of
genes to be analyzed. The enhancer elements can be placed at
various distances from the promoter of the gene of interest,
preferably they are arranged downstream of the promoter
region. In preferred embodiments, the enhancer elements are
of natural or synthetic, viral or non-viral origin and bind
transcriptional activators. In yet another preferred embodi-
ment of the invention, the enhancer elements comprise
responsive elements such as hormone responsive elements,
transcription factor binding elements, and viral enhancer ele-
ments. The specific selection of the enhancer elements will
depend on the cell type and class of genes to be analyzed. In
a further preferred embodiment, the enhancer elements com-
prise binding sites of the following transcription factors:
AP-1,AP-2, CRE, SRE, NF-kB, SRF, SP1, Octl, Oct2, Oct3,
Oct4 (Nakabeppu, Y. et al., Cell 55:907-15 (1988); Bosher, J.
M. et al., Oncogene 13:1707-7 (1996); Gotquin, V. et al.,
Genes Dev. 12 2073-90 (1998); Scholer, H. R. et al., Nature
344:435-9 (1990)). Preferably, the transcription factor bind-
ing sites are arranged as tandem repeats.

The binding of a transcription factor to its cognate
enhancer element induces the expression of silent genes and
enhances the expression of weakly expressed genes. By acti-
vating gene expression, the enhancer-bound transcription
factors also activate the inserted enhanced gene trap vector
(eGTV) of the invention in much the same way than standard
gene trap cassettes are activated, however, with the advan-
tages referred to below. Thus, by using the enhanced gene trap
vectors of the invention, it is possible to identify and select
genes that would normally escape such a selection (see FIG.
1).

The enhanced gene trap vectors of the present invention are
not only suitable for random mutagenesis but can also be used
for targeted gene trapping involving the introduction of a
GDSC along with one or more specific enhancer elements
into a silent gene by homologous recombination (see FIG. 2).
The activation of a target gene by specifically binding a tran-
scription factor simultaneously activates the GDSC, and thus
enables the recovery of homologous recombinants by drug
selection. The number of genes accessible to trapping in a
particular target cell is thereby increased above the number of
genes accessible to standard trapping (see examples).

In a preferred embodiment, these enhancer elements
include intronic Oct-4 enhancer elements derived from the
osteopontin gene (see FI1G. 3). Oct-4 is a transcription factor,
which is highly and specifically expressed in undifferentiated
embryonic stem (ES) cells (Scholer, H. R. et al., Nature
344:435-9(1990)). The Oct-4 transcription factor specifically
recognizes and binds to the conserved octamer motif -ATG-
CAAAT-, which is present in Oct-4 enhancers (see FIG. 3). In
ES cells, insertions of a gene trap vector of the invention
comprising Oct-4 responsive enhancer elements (OREs) into
the introns of silent or weakly expressed genes will activate
these genes by binding the Oct-4 transcription factor (see
examples). This, in turn, induces GDSC expression, which
enables selection for gene trap events.

It is preferred that the reporter gene of the invention is
y-galactosidase, fgeo or a gene encoding for a luminescent
gene, e.g. a fluorescent gene such as green fluorescent protein
(GFP) or firefly luciferase. It is further preferred that the
selectable marker gene encodes an anti-antibiotic such as
neomycin- and hygromycin-phosphotransferases or puromy-
cin-acetyl-transferase.
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In another aspect of the invention, the gene trap vectors
comprise target sequences for site-specific recombinases to
enable postinsertional GDSC inversions and/or excisions.
Thus, in an embodiment the enhanced gene trap vectors of
this aspect of the invention contains: (i) a GDSC consisting of
a [-galactosidase-neomycinphosphotransferase fusion gene
(Pgeo) flanked by SA- and polyA-sequences for gene trap-
ping, (ii) elements enabling GDSC inversions by site specific
recombinases for conditional mutagenesis, and (iii) one or
more Oct-4 responsive enhancer elements (ORE), preferably
inserted between two heterotypic site-specific recombination
targets (RTs) (see FIG. 3).

Any suitable recombinase can be used for inversion, such
as Cre recombinase, Flp recombinase or ¢C31 recombinase.

It is preferred that the gene trap vectors of the invention are
contained in a retrovirus or a plasmid. These gene trapping
constructs contain in addition to a GDSC at least one
enhancer element for transcriptional activation of an
upstream or downstream gene promoter. Retroviruses insert a
single copy of the reporter and/or selectable marker cassette
per locus, with no rearrangement of flanking sequences. In
particular, retroviruses have a preference for insertions at the
5" ends of genes.

The gene trap vectors of the invention are preferably ret-
roviral gene trap vectors selected from the group consisting of
FlipROSAPgeo, eFlip3ROSABgeo and eFlip)ROSAPgeo
(WO 01/29208). These vectors preferably comprise a puro-
mycin resistance gene inserted downstream of the GDSC
allowing for the quantification of most if not all gene trap
insertions.

The above specified retroviral or plasmid based gene trap
vectors are suitable for disrupting both silent and expressed
genes across any mammalian genome (e.g. human, mouse).
For example, by using the gene trap vectors of the invention in
a genome wide manner, a large collection of embryonic stem
(ES) cell lines harboring gene trap insertions in single genes
can be assembled and used to make mutant mice. In particu-
lar, for pharmaceutical research seeking to validate the utility
of specific genes and their products as targets for drug devel-
opment, mutant mice are excellent genetic tools.

In another aspect, the invention relates to a method for the
identification of a functional yet silent gene in mammalian
cells. The method comprises the transduction of cells with an
enhanced gene trap vector as described herein and the incor-
poration of the reporter gene and/or selectable marker cas-
sette into genomic sites. [f'the vector inserts into the intron of
silent genes, gene trap vector-induced promoter activation
results in GDSC expression, which in turn enables cell selec-
tion. Preferably, the disrupted gene is identified by RT-PCR
(RACE) or PCR (PCR=polymerase chain reaction;
RT=reverse transcription) (Hansen, J. etal., Proc. Natl. Acad.
Sci. USA 100:9918-22 (2003); von Melchner et al., Proc.
Natl. Acad. Sci. USA 87:3733-7 (1990)).

In a preferred embodiment, the method of the present
invention is adapted to reach a cost-effective saturation of the
genome with insertional mutations in the fastest possible way.
The steps involved in this method are: (i) transducing a large
number of embryonic stem (ES) cells with enhanced gene
trap vectors (eGTV) of the invention, (ii) selecting eGTV-
expressing clones and establishing cell lines from them, (iii)
creating an ES cell bank containing ES cell lines with muta-
tions in single genes, (iv) amplifying genomic sequences
adjacent to the eGTV insertion by PCR and/or sequences
appended to eGTV transcripts by RI-PCR (RACE) from the
ES cell lines, (v) sequencing the amplification products to
obtain cell line specific gene trap sequence tags (GTSTs,
“flank bank™), (vi) identitying and cataloguing the disrupted
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genes by GTST homology searches in the public databases,

(vii) making mutant strains of mice using ES cells from the

ES cell bank.

The invention further encompasses a method for mutating
a functional gene within the genome. The mutation is intro-
duced by incorporating a gene trap vector of the invention into
intronic sites of a gene. As a result of the splicing process (see
supra), a fusion product will be obtained comprising one or
more exons of the gene and the reporter/selectable marker
gene cassette. Due to the fact that transcription terminates at
the polyA site, the downstream exons of the gene will not be
part of the fusion product. Therefore, the mRNA of the gene
is not complete but truncated since every exon that follows the
gene trap vector will not be expressed.

A further aspect of the invention relates to a method for
producing both “null” and “conditional” mutations in genes
of'an organism regardless of whether the genes are expressed
or not. In a preferred embodiment the method comprises the
following steps:

(1) incorporation of a gene trapping vector construct in a
suitable cell;

(ii) selection of cells having the vector construct incorporated
in a gene by expression analysis of the selectable marker;

(iii) identification and/or isolation of the gene in which the
construct is incorporated by PCR or Reverse Transcriptase
(RT)-PCR.

The gene trap vectors of the invention and their uses allow
both random or targeted mutagenesis in mammalian cells. For
a targeted-insertional mutagenesis (=targeted gene trapping),
sequence information of the gene of interest is required for
specific integration, whereas in a random insertional
mutagenesis the integration occurs at non-specific sites. A
method for targeted-insertional mutagenesis using enhanced
targeted gene trapping constructs of the present invention
comprises the following steps:

(1) design of a gene trapping construct comprising the
enhancer elements and the GDSC from an enhanced gene
trap vector flanked by sequences homologous to the an
intron preferably flanking a 5' exon of the specific target
gene (=homology arms; see FIG. 2);

(ii) transduction of the gene trapping construct into a suitable
cell;

(iii) isolation of homologous recombinants by selecting for
GDSC expression;

(iv) verification of homologous recombination in the selected
cells by a suitable detection method, preferably 5' RACE,
genomic PCR or Southern blot analysis.

Taken together the enhanced gene trap vectors (eGTV) of
the invention and the methods employing them are suitable to
solve the drawbacks of conventional gene trap- and gene
targeting vectors currently used in the field. In particular, it
shows that the eGTV have the capability to
(1) induce mutations in genes regardless of their expression,

including genes for which cloned sequences are not avail-

able;

(ii) increase the number of genes accessible to trapping and
targeted trapping in comparison to the number presently
accessible by standard gene trap and targeted trapping
vectors;

(iii) increase the gene trapping rate by reducing redundancy,
and thereby saving costs.

In its application to pharmaceutical research, the eGTV
technology greatly assists the creation of a library of ES cell
clones, which includes all genes of the mouse genome (~30,
000), modified by the insertion of an eGTV vector. Sequence
analysis from the modified alleles allows, as described above,
to identity the genes modified in individual clones, resulting
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in a database. This collection is the resource required to
quickly generate a large number of mutant mouse strains for
pharmaceutical research. Such mutant strains are an optimal
tool to study the function of genes in the mouse as a mamma-
lian model organism for human disease. The evaluation of
gene function, in particular in mouse strains prone to develop
a disease, allows to validate the utility of an individual gene
for pharmaceutical drug development. For example, a given
number of genes could be thought to be involved into insulin
receptor signaling as a therapeutic target for Diabetes treat-
ment. The generation and physiological analysis of mouse
mutants for these genes would identify which gene products
play a role in insulin signaling. Subsequently, drug develop-
ment could be focused only on such “validated targets”. Thus,
within pharmaceutical drug development, mutants serve as a
validation instrument to identify useful target molecules.

In addition, a subset of mutants could develop diseases,
which mimic known human disorders and serve as a model
for their treatment.

Once validated targets are available, the mutants can be
used in combination with gene expression profiling to deter-
mine “on” and “off” target effects of candidate drugs.

Since the use of the gene trap technology is not restricted to
murine ES cells and mouse mutants its application can be
extended to any other vertebrate or invertebrate model organ-
ism (e.g. rats, zebra fish, Drosophila) to characterize the
biological function of selected genes. As described above for
the mouse, such mutants could be used for the validation of
target genes for pharmaceutical drug development.

In another application the gene trap technology can be used
to validate the utility of selected genes of plants for agricul-
tural purposes. Plant mutants can be used to identify valuable
target genes for herbicide development as well as to identify
genes involved into the fertility of economically useful spe-
cies.

As further exemplified in the examples below, the eGTV
vectors of the invention do not only allow the identification of
expressed genes in a cell but also the identification of yet
unidentified, silent or poorly expressed genes. In summary,
eGTVs provide superior tools for the field of genomics and
functional genetical analysis.

In the following examples, material and methods of the
present invention are provided. It should be understood that
these examples are for illustrative purpose only and are not to
be construed as limiting this invention in any manner. All
publications, patents, and patent applications cited herein are
hereby incorporated by reference in their entity for all pur-
poses.

EXAMPLES
Example 1

To test the trapping efficiency of enhanced gene trap vec-
tors, the retroviral gene trap vectors FlipROSAfgeo,
eFlip3ROSAPgeo and eFlipbROSAPgeo (FIG. 4) were
equipped with a puromycin resistance gene, which is inde-
pendently transcribed from a pgk promoter. This element,
inserted downstream of a -galactosidase (LacZ)-neomycin-
phosphotransferase fusion gene (fgeo) flanked by SA- and
polyA-sequences enables the quantification of all gene trap
insertions across the genome of a target cell. Enhanced gene
trap vectors contain in addition to a GDSC either 3 or 6 Oct-4
responsive elements (OREs) arranged in tandem repeats (see
FIG. 4).
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A. Construction of the Gene Trap Vectors FlipROSAfgeo,
eFlip3ROSAPgeo and eFlip6ROSAfgeo.

Construction of the gene trap vector FlipROSApgeo: For
the construction of FlipROS A geo an overlap extension PCR
strategy was chosen using the oligonucleotides 11 (5'-CGC
CTC CTC TTC CTC CAT CC-3"; SEQ ID NO:9) and 13
(5'-ACT CTT CCG CTT CCT CGC TCC ACC GCG GCT
TCGAGA CCGT-3"; SEQID NO:10) for amplification of the
5' 3-frt recombinase target (RT) sequences from FlipROS-
Apgeo(int) (see SEQ ID NO:1) and the oligonucleotides 12
(5'-GGG CCT CTT CGC TAT TAC GC-3"; SEQ ID NO:11)
and 14 (5'-ACG GTC TCG AAG CCG CGG TGGAGC GAG
GAA GCG GAA GAG T-3"; SEQ ID NO:12) for amplifica-
tion of the 5' Iox511-IoxP RTs from pFIEx; Schnutgen, F. et
al., Nat. Biotechnol. (2003)). The two PCR products were
purified, annealed and re-amplified using the oligonucle-
otides I1 and 12. The resulting PCR product was cloned into
the BamHI site of the retroviral vector pBABES{] (modified
from pBABE puro; see SEQ ID NO:2) (Morgenstern, J. P.,
Land, H., Nucl. Acids. Res. 18:3587-3596 (1990)) to obtain
-pBLF5'-. Similarly, the 3' RTs were amplified with the oli-
gonucleotides 16 (5'-GCT CCT CGC CCT TGC TCA CC-3;
SEQ ID NO:13) and 18 (5'-TAG AAG CGG TTT TCG GGA
GAA TAC GAC TCA CTA TAG GGC G-3'; SEQ ID NO:14)
for ToxP-Iox511 and with the oligonucleotides 15 (5'-TGC
TGG CCT TTT GCT CAC AT-3'; SEQ ID NO:15) and 17
(5'-CGC CCT ATA GTG AGT CGT ATT CTC CCG AAA
ACC GCT TCT A-3'; SEQ ID NO:16) for the frt-f3. The two
products were purified, annealed and re-amplified with the
oligonucleotides 16 and 17. The resulting PCR product con-
taining all four RTs was cloned into the EcoRI restriction site
of pBLFS5' to obtain pBLF. The GDSC (SA-fgeo-pA) was
recovered as an Xhol restriction fragment from ROSAfgeo
(Friedrich, G., Soriano, P., Genes. Dev. 5:1513-1523 (1991))
and cloned into the SnaBI restriction site of pBLF to obtain
the final gene trap vector -FlipROSAfgeo-. The final vector
was verified by DNA sequencing (see SEQ 1D NO:3).

Construction of the gene trap vector eFlip3ROSApgeo:
Oct 4 responsive elements (ORE) from the osteopontin gene
(Botquin, V. et al,, Genes Dev. 12:2073-90 (1998) were
obtained by annealing the oligonucleotides P5 (5'-GAT CCT
GCA CTG ACC TTT CAG CTT TGT ATA ATG TAA GTT
AAA ATC ACA TTT GAA ATG CAA ATG GAA AAG
CA-3",SEQID NO:17) and P6 (5'-GAT CTG CTT TTC CAT
TTG CAT TTC AAA TGT GAT TTT AAC TTA CAT TAT
ACA AAG CTG AAA GGT CAG TGC AG-3'; SEQ ID
NO:18) and cloning into the BamHI/BglII sites of pEGFP-N1
resulting in pEGFP-O1. pEGFP-O2 to pEGFP-O6 was
obtained by subsequent ligation of additional to pEGFP-O1.
3-6 OREs obtained from pEGFP-O3 and pEGFP-O6 were
cloned as BamHI/BglII fragments into the BglII site located
in the spacer between the frt and the 13 sites of FlipRosapgeo
to obtain eFlip3ROSABgeo and eFlip6ROSABgeo. The pri-
mary structure of the final vectors was confirmed by DNA
sequencing (SEQ ID NOs:4 and 5).

B. Construction of the Gene Trap Vectors FlipROSAP-
geoPuro, eFlip3ROSA-PgeoPuro and eFlip6ROS A fgeoPuro

Construction of the gene trap vector FlipROSApgeoPuro:
The puromycin cDNA was obtained from pBabePuro (Mor-
genstern, J. P, Land, H., Nucl. Acids. Res. 18:3587-3596
(1990)) by PCR using the primers P7 (5'-GGG GGC TGC
AGA CTTACA GCG GAT CCC CTCAGG CAC CGGGCT
TGC-3"; SEQ ID NO:19) and P8 (5'-GGG GGC TGC AGC
CAA TAT GAC CGA GTA CAA GCC CAC-3% SEQ ID
NO:20). The puromycin cDNA was then used to replace the
neomycin resistance gene of expression plasmid pD383
(Zazopoulos, E. et al., Nature 390:311-5 (1997)), obtain
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pD383/puro. The pgk promoter-puro-polyA cassette of
pD383/puro was cloned as a Xhol restriction fragment into a
unique Sad site of FlipROSABgeo, eFlip3ROSAPgeo and
eFlip6ROSAPgeo to obtain of FlipROSAPgeoPuro,
eFlip3ROSAPgeoPuro and eFlip6ROSAPgeoPuro, respec-
tively (SEQ ID NOs:6-8).

C. Isolation of Puromycin Resistant Clones and Quantifica-
tion of Gene Trap Events by LacZ Staining.

Generation of retroviral particles: Virus producer cells
(4x10%) (Kinsella, T. M., Nolan, G. P,, Hum. Gene Ther.
7:1405-13 (1996)) were seeded onto P90 dishes and grown in
DMEM (high glucose) supplemented with 10% FCS, 20 mM
glutamine, 1x non-essential amino acids, and 0.1 mM p-mer-
captoethanol. After incubating for 3 days, the cell were trans-
fected with the retroviral constructs using Lipofectamin 2000
(Invitrogen) and the manufacturers instructions. 48 hours
later, cells were overlaid with 5 ml or ES cell medium (see
below) and virus particle containing supernatants were har-
vested after incubating for 4.5 hours. Supernatants were fil-
tered through a 0.45 um Millipore filter, supplemented with 5
ng/ml Poybrene and stored at —80° C. until use.

ES cell cultures: 129/Sv/C57BL6 F1-ES-cells were grown
in DMEM (high glucose) supplemented with 15% FCS, 2
mM glutamine, 20 mM HEPES, 1 mM sodium pyruvate, 1x
non-essential amino acids, 0.1 mM mercapto-ethanol, and
1500 U/ml leukemia inhibitory factor (LIF) (Chemicon).

Infection of mouse embryonic stem cells: 1x10° ES cells
were seeded onto gelatinized P60 Petri dishes and allowed to
attach overnight. Cells were then exposed to 2 ml virus con-
taining supernatant for 4.5 h. After adding 2 ml of fresh ES
cell medium and incubating overnight, cells were put in selec-
tion for 12 days using ES cell medium containing either 0.6
pg/ml puromycin.

X-@Gal staining: After washing in PBS, cells were fixed in
3% formaldehyde and incubated overnight in lacZ staining
buffer (5 mM K,[Fe(CNy)], 5 mM K,[Fe(CN)s], 2 mM
MgCl, in PBS) and 1.25 ml X-Gal solution (40 mg/ml in
dimethylformamide).

D. Results:

Since retroviruses integrate mostly randomly throughout
the genome, only a small fraction of the vectors will produce
a gene trap event by inserting into an expressed gene. Gene
trap events induce y-galactosidase (LacZ) expression, which
can be visualized by staining with X-Gal. Consistent with
previous observations, less than 4% of all FlipROSAR-
geoPuro insertions (=number of puromycin resistant clones)
generated a gene trap event (=number of LacZ+ clones)
(Table 1). In contrast, over 30% of the eFlip6ROS A geoPuro
insertions generated a gene trap event, suggesting an ORE/
Oct-4 mediated induction of gene expression at the insertion
site (Table 1). Since activation can involve both expressed and
non-expressed genes, the vectors of the invention will (i)
improve the efficiency of trapping by decreasing the thresh-
old for reporter protein detection, and (ii) increase the fraction

of genes accessible to trapping by including silent genes.
TABLE 1
Induction of gene expression by enhanced gene trap vectors*

FlipROSAPGeo eFlip3ROSAPGeo eFlip6ROSABGeo
Expt. LacZ* total LacZ* total LacZ* total

1 0 55 7 66 8 45

1 46 5 23 12 35

2 2 35 2 32 9 35

4 40 5 37 12 46
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TABLE 1-continued

Induction of gene expression by enhanced gene trap vectors*

FlipROSABGeo eFlip3ROSABGeo eFlip6ROSABGeo

Expt. LacZ* total LacZ* total LacZ* total
3 2 157 6 95 42 127
7 103 5 138 41 97
16 436 30 391 124 385
3.7% 7.7% 32.2%

*F1-ES cells were infected with retrovirus particle containing supernatants from FNXEco
producer cells after transiently transfecting the gene trap plasmids. After selecting in 0.8
pg/ml puromyein for 10 days, resistant clone were stained with X-Gal and counted. Results
are from duplicate plates of 3 independent experiments are shown.

Example 2

To determine whether enhanced gene trap vectors trap
genes more efficiently, we produced several hundreds of ES
cell clones with each of the conditional gene trap vectors—
FlipRosapgeo and eFlip6Rosafgeo—(FIG. 4). After isolat-
ing the GTSTs by 5' RACE, we determined the number of
genes trapped by each vector that had not been trapped before
with the collection of standard gene trap vectors used by the
German Gene Trap Consortium (GGTC).

A. Isolation of Mutant ES Cell Lines Expressing FlipRosaf-
geo and eFlip6ROS A fgeo:

eFlip)ROSAPgeo gene trap virus was produced as
described in Example 1B for the FlipROS A geoPuro class of
vectors. ES cells were infected with the virus containing
supernatants at an M.0.1.<0.5 as described in Example 1B.
Gene trap expressing ES-cell lines were selected in 130 pg/ml
G418 (Invitrogen), manually picked, expanded, and stored
frozen in liquid nitrogen until use.
B. Recovery of GTSTs by 5' RACE and Database Analysis:

c¢DNAs were prepared from the polyadenylated RNA using
a RoboAmp robotic device (MWG Biotech, Ebersberg, Ger-
many) with a processing capacity of 96 samples/day. Samples
of 2x10° cells were lysed in 1 ml of lysis buffer containing
100 mM Tris/HC1 pH 8.0, 500 mM LiCl, 10 mM EDTA, 1%
LiDS and 5 mM DTT. Polyadenylated RNA was captured
from the lysates by biotin-labeled oligo-d(T)-primers accord-
ing to the manufacturers instructions (Roche Diagnostics
Corp., Indianapolis, Ind., USA) and placed on streptavidin-
coated 96-well plates (AB Gene, Surrey, UK). After washing,
solid-phase cDNA synthesis was performed in-situ using ran-
dom hexamers and SuperScript II RT (Invitrogen, Karlsruhe,
Germany). To remove excess primers the cDNAs were fil-
tered through Multiscreen PCR plates (Millipore Corp. Bed-
ford, Mass., USA). The 5" ends of the purified cDNAs were
tailed with dCTPs using terminal transferase -TdT- (Invitro-
gen, Karlsruhe, Germany) following the manufacturer’s
instructions.

For PCR amplification of GTSTs, the following vector-
specific primers were used: 5'-CTA CTA CTA CTA GGC
CAC GCG TCG ACT AGT ACG GGI IGG GII GGG IIG-3'
(SEQ ID NO:21) and 5-GCC AGG GTT TIC CCA GTC
ACG A-3" (SEQ ID NO:22); 5'-CTA CTA CTA CTA GGC
CAC GCG TCG ACT AGT AC-3' (SEQ ID NO:23) and
5-TGT AAA ACG ACG GCC AGT GTG AAG GCT GTG
CGA GGC CG-3' (SEQ ID NO:24) (nested). Amplification
products were directly sequenced using AB377 or ABI3700
sequencing machines (Applied Biosystems ABI, Foster City,
USA).

After filtering sequences against repeats and removing all
vector sequences from the GTSTs, a PHRED score was
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assigned to each individual nucleotide. GTSTs qualified as
informative if they were at least 50 nucleotides long and
exhibited a minimum mean PHRED score of 20 (FIG. 1,
supplementary information). Homology searches were per-
formed using the publicly available sequence databases and
the BlastN algorithm. Databases included GenBank, Uni-
Gene, OMIM (all at http://www.ncbi.nlm.nih.gov),
ENSEMBL (http://www.ensembl.org), RIKEN (http://ww-
w.rarf.riken.go.jp) and GeneOntology (http://www.geneon-
tology.org).

C. Results:

GGTC’s library is presently the largest public library of ES
cell lines with gene trap insertion in single genes. It presently
contains 13,616 GTSTs (www.genetrap.de) corresponding to
3,349 unique genes. Table 2 shows, that 15% of the genes
trapped by eFlipRosafgeo were not present in the database,
i.e. had not been trapped before, which is almost twice as
much the number of novel genes trapped by standard FlipRo-
sapgeo. This suggests that in ES cells the genomic target
accessible to enhanced gene trap vectors is significantly
larger.

TABLE 2

Trapping efficiency of novel genes by enhanced
gene trap vectors as estimated by S'RACE*

Vector GTSTs Novel genes (Refseq)
FlipRosapgeo 1,766 145 (8%)
eFlip6Rosapgeo 1,187 174 (15%)

*GTSTsrecovered from FlipRosap geo and eFlipoRosafgeo expressing ES cell clones were
aligned to the GGTC-GTST database using the BlastN algorithm

This conclusion was re-enforced by determining the num-
ber of sentinel genes trapped by the two vectors that were not
present in any gene trap resource, including the International
Gene Trap Consortium’s (IGTC) database with 27,000
GTSTs and Lexicon Genetics’ Omnibank with 200,000
GTSTs (all available at NCBI). “Sentinel” genes are fully
genome annotated genes, which are presently at 7,984 (Skar-
nes, W. C. et al., Nat. Genet. 24:13-4 (2000)). Table 3 shows
that eFlipRosafgeo trapped sentinel genes not present in both
resources about 40% more efficiently than FlipRosafgeo.

TABLE 3

Trapping efficiency of novel sentinel
genes by enhanced gene trap vectors™®

not trapped by not trapped by
Vector Sentinel genes IGTC Lexicon
FlipRosapgeo 265 26 (29.8%) 7 (2.6%)
eFlipRosapgeo 243 43 (17.7%) 11 (4.5%)

*GTSTs recovered from FlipRosafgeo and eFlip6Rosafigeo expressing ES cell clones
corresponding to sentinel genes were aligned to the IGTC’s and Lexicon’s databases using
the BlastN algorithm.

Example 3

The large scale recovery of GTSTs from mutant ES cell
lines produced with conventional gene trap vectors relies on
the PCR amplification of fusion transcripts using semiauto-
matic 5'RACE. The method, while generally robust, is depen-
dent on transcript levels, which if too low preclude PCR
amplification. In contrast to conventional gene trap express-
ing clones for which over 80% of RT-PCR amplifications
were successful, less than 50% of the eGTV expressing
clones gave meaningful 5' RACE amplification products,
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suggesting that the eGTV insertions occurred into either
silent or weakly expressed genes. To test this hypothesis, we
subjected 51 ES cell lines that failed to generate amplification
products to genomic (inverse) PCR.

A. Recovery of GTSTs by Inverse PCR:

Genomic DNA was isolated using the DNeasy kit of Qui-
agen according to the manufacturers protocol. DNA was
eluted in 150 pl. Approximately 3 ng genomic DNA were
digested in 100 pl with 20 u Nspl at 37° C. overnight.
Digested DNA was purified using the Qiaquick kit according
to the manufacturers protocol, ligated in 300 ul at 16° C.
overnight and again purified using the Qiaquick kit.

S'inverse PCRs were carried out using the oligonucleotides
116 (5'-CGA GCC CCA GCT GGT TCT TTC-3' SEQ ID
NO:25) and SR1 (5'-GCT AGC TTG CCA AAC CTA CAG
GTG G-3"; SEQ ID NO:26). Nested PCR was carried out
using the oligonucleotides 115 (5'-GTC TCA GAA GCC ATA
GAG CCC-3'; SEQ ID NO:27) and SR2 (5'-GCC AAA CCT
ACA GGT GGG GTC TTT-3% SEQ ID NO:28). 3' inverse
PCR was carried out using the oligonucleotides 114 (5'-ACT
ATC CCG ACC GCC TTA CTG C-3'; SEQ ID NO:29) and
iPCRu3 (5'-CCT CCG ATT GACTGA GTC GCC C-3'; SEQ
ID NO:30). Nested PCR was carried out using the oligonucle-
otides 113 (5'-TGT TTT GAC CGC TGG GAT CTG C-3';
SEQ ID NO:31) and iPCRu4 (5'-TAC CCG TGT ATC CAA
TAA ACC C-3% SEQ ID NO:32).

B. Results:

Sequencing of the amplification products showed that of 25
eGTV insertions in annotated genes, 15 (60%) were novel
and not present in GGTC’s database, suggesting that the
novel genes were either silent or poorly transcribed prior to
insertion.

TABLE 3
eFlip6Rosabgeo insertions into annotated
genes identified by inverse PCR
Chromo-
Clone some  Gene Novel*
M103A02 5 Add1 no
M103A06 7 ENSMUSGO00000036862 YES
M103B03 1 Fbxo36 YES
M103B04 17 ENSMUSESTT00000012809 + no
ENSMUSESTT00000012808
M103B05 12 SERINE PALMITOYL- no
TRANSFERASE 2
M103B06 4 Perlecan no
M103B07 11 POTENTIAL HELICASE WITH no
ZINC-FINGER DOMAIN
M103C01 7 ENSMUSESTG00000006748 no
M103C02 7 ENSMUSGO00000007833 YES
M103C05 17 1700061G19Rik YES
M103C07 12 SERINE PALMITOYL- no
TRANSFERASE 2
M103D01 7 ENSMUSESTT00000023443 YES
M103D03 5 Q8C4AV2 YES
M103D04 5 SBBI26 HOMOLOG YES
M103E01 17 MYELIN-OLIGODENDROCYTE YES
GLYCOPROTEIN PRECURSOR
M103E02 11 TUMOR DIFFERENTIALLY YES
EXPRESSED PROTEIN 1
M103E03 19 ENSMUSESTG00000018244 YES
M103E05 11 Pled3 YES
M103E06 12 SERINE PALMITOYL- no
TRANSFERASE 2
M103E08 12 Actnl no
M103F02 11 B230379M23Rik no
M103F03 7 ENSMUSESTG00000019374, TYPET ~ YES
INOSITOL-1,4,5-TRISPHOSPHATE
5-PHOSPHATASE
M103F04 7 2410004HO02RIk, YES
Aldehydedehydrogenase
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TABLE 3-continued

eFlip6Rosabgeo insertions into annotated
genes identified by inverse PCR

Chromo-
Clone some  Gene Novel*
M103F05 8 ENSMUSESTG00000004620 YES
M103F06 8 GH REGULATED TBC PROTEIN 1 YES

*refers to genes not present in the GGTC database.

Example 4

This example describes the comparative rate of trapping of
the FlipROSAPgeo and eFlip6ROSAPgeo gene trap vectors.
FIG. 5 shows that at average eFlip6ROSAfgeo traps a novel
gene in with every 1.4 insertions. In contrast, the non-en-
hanced FlipROSApgeo requires 2.8 insertions to trap a novel
gene, clearly indicating that the enhancer elements in the
eFlip6ROSAPgeo gene trap vector significantly improve the
efficiency of trapping.

Example 5

This example describes another enhanced gene trap vector
of the invention containing the cytomegalo-virus (CMV)
immediate early enhancer which is essentially ubiquitous.
This enhancer has been shown to activate gene expression in
embryonic stem cells (Chung, S. et al., Stem Cells 20:139-45
(2002)) and in all mouse tissues in either orientation and up to
a distance of several kbp from the promoter (Dorsch-Hasler,

10

15

20

25

30

18
K. etal., Proc. Natl. Acad. Sci. USA 82:8325-9 (1985)). The
CMV enhancer has been used in combination with the
chicken 6-actin promoter to drive the expression of trans-
genes in the mouse (Rodriguez, C. 1. et al.,, Nat. Genet.
25:139-40 (2000); Zong H. et al., Cell 121:479-492 (2005);
Okabe M. et al., FEBS Lett. 407:313-319 (1997)).

Example 6

This example describes another enhanced gene trap vector
of the invention containing the enhancer from the mouse
embryonic stem cell virus. This virus is a synthetic retrovirus
derived from a mutant myeloproliferative sarcoma virus
(PCMV). The enhancer element of this virus is demonstrated
activity in embryonic carcinoma cells as well as embryonic
stem cells®'.

Example 7

This example described the use of trapped ES cell lines for
making mutant mice. ES-cell derived chimeras were gener-
ated by injecting C57BI1/6 blastocysts with ES cells from the
following trapped lines as obtained in Example 2: PO15F03
PO16F03, P023A01, P023F01, Q001D04, and Q016D06.
Male chimeras were obtained with each clone and were bred
to C57B1/6 females. Litters were analyzed for germline trans-
mission using the agouti coat color marker and tail blotting.
So far, the clones PO15F03 and PO16F03 generated transmit-
ted the mutation to the F1 generation. F1 mice were inter-
crossed to obtain homozygous (mutant) F2 offspring for phe-
notype analysis.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 33
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 8586

TYPE: DNA

ORGANISM: Artificial
FEATURE:

<400> SEQUENCE: 1

OTHER INFORMATION: Retroviral vector FlipROSAbetaGeo (int)

ctgcagectyg aatatgggec aaacaggata tctgtggtaa gecagttectg ccccggcetca 60
gggccaagaa cagatggaac agctgaatat gggccaaaca ggatatctgt ggtaagcagt 120
tcectgecceyg getcagggee aagaacagat ggtccccaga tgcggtccag ccctcageag 180
tttctagaga accatcagat gtttccaggg tgccccaagg acctgaaatg accctgtgee 240
ttatttgaac taaccaatca gttegettet cgettetgtt cgegegette tgctccccga 300
gctcaataaa agagcccaca accectcact cggggegeca gtectecgat tgactgagte 360
gecegggtac ccgtgtatcc aataaaccct cttgeagttg catccgactt gtggtcetege 420
tgttecttgyg gagggtetee tetgagtgat tgactacceg tcageggggg tetttceattt 480
gggggctegt ccgggatcegg gagacccctyg cccagggace accgacccac caccgggagg 540
caagctggece agcaacttat ctgtgtcetgt ccgattgtet agtgtctatg actgatttta 600
tgcgectgeyg teggtactag ttagctaact agetetgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacacce ggccgcaace ctgggagacg tcccagggac ttegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcacce 780
cecttagagyg agggatatgt ggttetggta ggagacgaga acctaaaaca gttcccgect 840
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cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
atccgttget gaagttccta ttccgaagtt cctattcttce aaatagtata ggaacttegt 1440
taacgaagtt cctattccga agttcctatt ctctagaaag tataggaact tcectcecgtgacg 1500
gtctecgaage cgecggtgcgg gtgccagggce gtgceccttgg getcecccececggg cgegtactece 1560
acctcaccca tctggtccac gggatcccag tgtggtggta ctcgaggtceg actctagagg 1620
atcgagcccce agctggttet tteccgtectca gaagccatag agcccaccge atccccagca 1680
tgcctgetat tgtcttcecca atcctceccce ttgetgtect gecccaccee acccceccaga 1740
atagaatgac acctactcag acaatgcgat gcaatttcecct cattttatta ggaaaggaca 1800
gtgggagtygyg caccttccag ggtcaaggaa ggcacggggyg aggggcaaac aacagatggce 1860
tggcaactag aaggcacagt cgaggctgat cagcgagctc tagagaattg atcccctcag 1920
aagaactcgt caagaaggcg atagaaggcg atgegcetgeg aatcgggage ggcgataccg 1980
taaagcacga ggaagcggtc agcccattcg ccgccaagcet cttcagcaat atcacgggta 2040
gccaacgcta tgtectgata geggtecgece acacccagec ggccacagtce gatgaatcca 2100
gaaaagcggc cattttccac catgatattc ggcaagcagg catcgccatg ggtcacgacyg 2160
agatcctege cgtcgggcat gegecgecttg agectggega acagttcecgge tggcgcegagce 2220
ccetgatget cttegtceccag atcatcectga tcgacaagac cggcttccat ccgagtacgt 2280
gctegetega tgcgatgttt cgettggtgg tcgaatgggce aggtagccgg atcaagegta 2340
tgcagcegece gecattgcate agccatgatg gatactttet cggcaggage aaggtgagat 2400
gacaggagat cctgcceccgg cacttcgecce aatagcagec agtcccttcece cgecttcagtg 2460
acaacgtcga gcacagcectgce gcaaggaacg ceegtegtgg ccagecacga tagecgeget 2520
gcctegtect gcagttcatt cagggcaccg gacaggtcgg tcettgacaaa aagaaccggyg 2580
cgeccectgeg ctgacagecg gaacacggcg gcatcagage agccgattgt ctgttgtgece 2640
cagtcatagc cgaatagcct ctccacccaa gcggccggag aacctgcgtg caatccatct 2700
tgttcaatgg ccgatcccat attggctgca gcccggggga tcccctgaca ccagaccaac 2760
tggtaatggt agcgaccggc gctcagetgg aattccgecg atactgacgg getccaggag 2820
tcgtcgecac caatccccat atggaaaccg tcgatattca geccatgtgece ttettecgeg 2880
tgcagcagat ggcgatggct ggtttccate agttgctgtt gactgtagecg getgatgttg 2940
aactggaagt cgccgcgeca ctggtgtggg ccataattca attcgegegt cccgcagegce 3000
agaccgtttt cgctcgggaa gacgtacggg gtatacatgt ctgacaatgg cagatcccag 3060
cggtcaaaac aggcggcagt aaggcggtcg ggatagtttt cttgcggccce taatccgagce 3120
cagtttaccc gectctgctac ctgcgccage tggcagttca ggccaatccg cgccggatgce 3180
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ggtgtatcge tcgeccactte aacatcaacg gtaatcgcca tttgaccact accatcaatc 3240
cggtaggttt tccggctgat aaataaggtt ttcccctgat getgccacge gtgageggtce 3300
gtaatcagca ccgcatcage aagtgtatct geccgtgcact gcaacaacgc tgcttcecggece 3360
tggtaatggc ccgccgectt ccagegttceg acccaggegt tagggtcaat gegggteget 3420
tcacttacgc caatgtcgtt atccagceggt gcacgggtga actgatcgeg cagcggcgtce 3480
agcagttgtt ttttatcgcc aatccacatc tgtgaaagaa agcctgactg gcggttaaat 3540
tgccaacgct tattacccag ctcgatgcaa aaatccattt cgctggtggt cagatgcggg 3600
atggcgtggg acgcggcggg gagcgtcaca ctgaggtttt ccgccagacg ccactgctgce 3660
caggcgctga tgtgcccgge ttectgaccat gcggtcecgegt teggttgcac tacgcegtact 3720
gtgagccaga gttgccecgge gctetecegge tgcggtagtt caggcagttce aatcaactgt 3780
ttaccttgtg gagcgacatc cagaggcact tcaccgcettg ccagcggctt accatccagce 3840
gccaccatcee agtgcaggag ctegttatcg ctatgacgga acaggtattc gctggtcact 3900
tcgatggttt gecccggataa acggaactgg aaaaactgct getggtgttt tgecttcecgte 3960
agcgetggat geggegtgceg gtceggcaaag accagaccegt tcatacagaa ctggegatcg 4020
ttcggegtat cgccaaaatc accgccgtaa gccgaccacg ggttgeccgtt ttcatcatat 4080
ttaatcagcg actgatccac ccagtcccag acgaagcecgce cctgtaaacg gggatactga 4140
cgaaacgcct geccagtattt agcgaaaccg ccaagactgt tacccatcge gtgggcegtat 4200
tcgcaaagga tcagcgggceg cgtctctcecca ggtagcgaaa geccatttttt gatggaccat 4260
ttecggcacag ccgggaaggg ctggtcettca tccacgegeg cgtacatcgg gcaaataata 4320
tcggtggeeg tggtgtcgge tecgecgect tcatactgca cecgggcggga aggatcgaca 4380
gatttgatcc agcgatacag cgcgtcgtga ttagcgccgt ggcctgattce attccccage 4440
gaccagatga tcacactcgg gtgattacga tcgcgctgca ccattcegegt tacgegtteg 4500
ctcatcgeecg gtagccageg cggatcatcg gtcagacgat tcattggcac catgcecgtgg 4560
gtttcaatat tggcttcatc caccacatac aggccgtage ggtcgcacag cgtgtaccac 4620
agcggatggt tcggataatg cgaacagcgce acggcgttaa agttgttctg cttcatcagce 4680
aggatatcct gcaccatcgt ctgctcatce atgacctgac catgcagagg atgatgctcg 4740
tgacggttaa cgcctcgaat cagcaacggc ttgccgttca gcagcagcag accattttca 4800
atccgcacct cgcggaaacc gacatcgcag gcttcectgett caatcagcecgt gecgteggeg 4860
gtgtgcagtt caaccaccgc acgatagaga ttcgggattt cggcgctcca cagttteggg 4920
ttttcgacgt tcagacgtag tgtgacgcga tcggcataac caccacgctce atcgataatt 4980
tcaccgecga aaggcgcggt gecgcetggceg acctgegttt caccctgcca taaagaaact 5040
gttacccgta ggtagtcacg caactcgccg cacatctgaa cttcagecctce cagtacageg 5100
cggctgaaat catcattaaa gcgagtggca acatggaaat cgctgatttg tgtagtcggt 5160
ttatgcagca acgagacgtc acggaaaatg ccgctcatcc geccacatatce ctgatcttcee 5220
agataactgc cgtcactcca acgcagcacce atcaccgcega ggcggtttte tecggegegt 5280
aaaaatgcge tcaggtcaaa ttcagacgge aaacgactgt cctggccgta accgacccag 5340
cgeccegttge accacagatg aaacgccgag ttaacgccat caaaaataat tegegtetgg 5400
ccttectgta gecagcecttte atcaacatta aatgtgageg agtaacaacc cgtcggattce 5460
tcegtgggaa caaacggegg attgaccgta atgggatagg ttacgttggt gtagatgggce 5520
gcatcgtaac cgtgcatctg ccagtttgag gggacgacga cagtatcggce ctcaggaaga 5580



23

US 9,085,767 B2

24

-continued
tcgcactecca gecagcecttte cggcaccgcet tcectggtgecg gaaaccaggce aaagcgccat 5640
tcgccattca ggctgcgcaa ctgttgggaa gggcgatcegg tgcgggcecte ttcecgctatta 5700
cgccagetgg cgaaaggggg atgtgctgca aggcgattaa gttgggtaac gceccagggttt 5760
tceccagtcac gacgttgtaa aacgacggga tccgccatgt cacagatcat caagcttatce 5820
gataccgteg atccccactg gaaagaccgce gaagagtttg tectcaaccg cgagctgtgg 5880
aaaaaaaagg gacaggataa gtatgacatc atcaaggaaa ccctggacta ctgcgeccta 5940
cagatctgca gecccggggga tccactagtt ctagectcega gtaggaattce gtgtcatgtce 6000
ggcgacccta cgcccccaac tgagagaact caaaggttac cccagttggg gcactatctce 6060
ccgaaaaccg cttctagcaa cgaagttcct atactatttg aagaatagga acttcggaat 6120
aggaacttca gcagatctgc atcagatacc attagacata acgatagacg atacagatct 6180
gtatcgtcta tcegttatgtg atgcagatct gectgaagttce ctatactttce tagagaatag 6240
gaacttcgga aaggaacttc gaattctcga gggcccgggce tcgaccagcet gtgcgcatag 6300
tggcttgaat cgataaaata aaagatttta tttagtctcc agaaaaaggg gggaatgaaa 6360
gaccccacct gtaggtttgg caagctagca caacccecctca cteggggegce cagtcectecyg 6420
attgactgag tcgcccgggt acccgtgtat ccaataaacc ctcttgcagt tgcatccgac 6480
ttgtggtcte getgttectt gggagggtct cctetgagtg attgactacce cgtcageggg 6540
ggtctttcac atgcagcatg tatcaaaatt aatttggttt tttttcttaa gtatttacat 6600
taaatggcca tagttgcatt aatgaatcgg ccaacgcgcg gggagaggceg gtttgcgtat 6660
tgggcgcetet tecgettect cgctcactga ctegectgege teggtegtte ggctgceggeg 6720
agcggtatca gctcactcaa aggcggtaat acggttatcc acagaatcag gggataacgc 6780
aggaaagaac atgtgagcaa aaggccagca aaaggccagyg aaccgtaaaa aggccgegtt 6840
gctggegttt tteccatagge tccgccccce tgacgagcat cacaaaaatc gacgctcaag 6900
tcagaggtgg cgaaacccga caggactata aagataccag gcgtttccce ctggaagcetce 6960
cctegtgege tetectgtte cgaccctgcee gcttaccgga tacctgtceeg ccetttetece 7020
ttcgggaage gtggcgcttt ctcatagcte acgctgtagg tatctcagtt cggtgtaggt 7080
cgttecgetee aagctgggcet gtgtgcacga acccccegtt cagcccgacce getgegectt 7140
atccggtaac tatcgtcttg agtccaacce ggtaagacac gacttatcge cactggcagce 7200
agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa 7260
gtggtggect aactacggct acactagaag gacagtattt ggtatctgecg ctcectgctgaa 7320
gccagttacce ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaaa ccaccgcetgg 7380
tagcggtggt ttttttgttt gcaagcagca gattacgcgce agaaaaaaag gatctcaaga 7440
agatcctttg atctttteta cggggtctga cgctcagtgg aacgaaaact cacgttaagg 7500
gattttggtc atgagattat caaaaaggat cttcacctag atccttttgc ggccgcaaat 7560
caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta atcagtgagg 7620
cacctatctc agcgatctgt ctatttegtt catccatagt tgcctgacte ccecgtegtgt 7680
agataactac gatacgggag ggcttaccat ctggccccag tgctgcaatg ataccgcgag 7740
acccacgcte accggetceca gatttatcag caataaacca gccagccgga agggecgage 7800
gcagaagtgg tcctgcaact ttatccgect ccatccagte tattaattgt tgccgggaag 7860
ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt getgcaggca 7920
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tcgtggtgte acgctcecgteg tttggtatgg cttcecattcag ctceccecggttee caacgatcaa 7980
ggcgagttac atgatcccce atgttgtgca aaaaagcggt tagctceccttce ggtectecga 8040
tcgttgtcag aagtaagttg gecgcagtgt tatcactcat ggttatggca gcactgcata 8100
attctcttac tgtcatgcca tccgtaagat gcttttetgt gactggtgag tactcaacca 8160
agtcattctg agaatagtgt atgcggcgac cgagttgcectce ttgccecggeg tcaatacggg 8220
ataataccgc gccacatagce agaactttaa aagtgctcat cattggaaaa cgttcttegg 8280
ggcgaaaact ctcaaggatc ttaccgcetgt tgagatccag ttcgatgtaa cccactegtg 8340
cacccaactg atcttcagca tcecttttactt tcaccagegt ttctgggtga gcaaaaacag 8400
gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg gaaatgttga atactcatac 8460
tcttectttt tcaatattat tgaagcattt atcagggtta ttgtctcatg agcggataca 8520
tatttgaatg tatttagaaa aataaacaaa taggggttcc gcgcacattt ccccgaaaag 8580
tgccac 8586
<210> SEQ ID NO 2
<211> LENGTH: 3728
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Retroviral vector pBABErfl
<400> SEQUENCE: 2
ctgcagectyg aatatgggcce aaacaggata tctgtggtaa gcagttcctyg ccceggetca 60
gggccaagaa cagatggaac agctgaatat gggccaaaca ggatatctgt ggtaagcagt 120
teetgecceg getcagggcee aagaacagat ggtccccaga tgceggtccag ccctcagcag 180
tttctagaga accatcagat gtttccaggg tgccccaagg acctgaaatyg accctgtgece 240
ttatttgaac taaccaatca gttcgcttet cgettetgtt cgegegette tgctecccga 300
gctcaataaa agagcccaca acccectcact cggggegeca gtectecgat tgactgagte 360
geeegggtac cegtgtatce aataaaccct cttgcagttg catccgactt gtggtctege 420
tgttecttgyg gagggtctcee tctgagtgat tgactacceyg tcageggggyg tetttcattt 480
gggggctegt cegggatcegg gagaccectg cccagggacce accgacccac caccgggagyg 540
caagctggee agcaacttat ctgtgtetgt cegattgtet agtgtctatg actgatttta 600
tgegectgeg teggtactag ttagctaact agetctgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacaccc ggccgcaacce ctgggagacyg tcccagggac ttcegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcaccce 780
cccttagagg agggatatgt ggttctggta ggagacgaga acctaaaaca gttceccgect 840
cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
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atcccagtgt ggtggtacgt aggaattctce gagggcccegg gctcgaccag ctgtgcgeat 1440
agtggcttga atcgataaaa taaaagattt tatttagtct ccagaaaaag gggggaatga 1500
aagaccccac ctgtaggttt ggcaagctag cacaaccect cactcggggce gcecagtecte 1560
cgattgactg agtcgccecgg gtacccegtgt atccaataaa ccectcecttgca gttgcatcecg 1620
acttgtggtc tcgctgttece ttgggagggt ctecctctgag tgattgacta cccgtcageg 1680
ggggtcttte acatgcagca tgtatcaaaa ttaatttggt tttttttcectt aagtatttac 1740
attaaatggc catagttgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 1800
attgggecget cttceecgcette ctegetcact gactecgetge getceggtcegt teggetgegg 1860
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 1920
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgeg 1980
ttgctggegt ttttceccatag gectccecgecce cctgacgage atcacaaaaa tcgacgctca 2040
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttece ccctggaage 2100
tcectegtge getctectgt tecgaccctg ccgettaccg gatacctgte cgectttete 2160
ccttcgggaa gegtggceget ttectcatage tcacgctgta ggtatctcag tteggtgtag 2220
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegeco 2280
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gecactggca 2340
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcettg 2400
aagtggtggce ctaactacgg ctacactaga aggacagtat ttggtatctg cgctctgetg 2460
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct 2520
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 2580
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 2640
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gcggccgcaa 2700
atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga 2760
ggcacctatc tcagcgatct gtcectattteg ttcatccata gttgectgac tceccegtegt 2820
gtagataact acgatacggg agggcttacc atctggcccc agtgctgcaa tgataccgeg 2880
agacccacgce tcaccggctce cagatttatce agcaataaac cagccagcecyg gaagggccga 2940
gcgcagaagt ggtcctgcaa ctttatccge ctccatccag tcectattaatt gttgeccggga 3000
agctagagta agtagttcgc cagttaatag tttgcgcaac gttgttgcca ttgctgcagg 3060
catcgtggtg tcacgctegt cgtttggtat ggcttcattc agctceggtt cccaacgatce 3120
aaggcgagtt acatgatccc ccatgttgtg caaaaaagcg gttagctccect teggtcectcece 3180
gatcgttgtc agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca 3240
taattctectt actgtcatge catccgtaag atgcecttttet gtgactggtg agtactcaac 3300
caagtcattc tgagaatagt gtatgcggcg accgagttge tecttgecccgg cgtcaatacg 3360
ggataatacc gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttce 3420
ggggcgaaaa ctctcaagga tcttaccget gttgagatcce agttcgatgt aacccactceg 3480
tgcacccaac tgatcttcag catcttttac tttcaccage gtttcectgggt gagcaaaaac 3540
aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat 3600
actcttectt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 3660
catatttgaa tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa 3720
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30

agtgccac

<210> SEQ ID NO 3
<211> LENGTH: 8740

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Retroviral gene trap vector FlipROSAbetaGeo

<400> SEQUENCE: 3

ctgcagectyg

gggccaagaa

tecctgeceeyg

tttctagaga

ttatttgaac

gctcaataaa

gecegggtac

tgtteettygy

gggggetegt

caagctggec

tgcgeetgeg

ctgacgagtt

gtttttgtgg

cccttagagyg

cegtetgaat

agcatcgtte

cagactgtta

gctcacaace

tggccaacct

caggttaaga

atcgtgacct

cctaagecte

tcgacceege

atcegttget

taacgaagtt

gtctcegaage

cattatacga

ggataacttce

aggtcgactce

caccgeatcee

caccccacece

ttattaggaa

gcaaacaaca

gaattgatce

aatatgggcc

cagatggaac

gctecagggece

accatcagat

taaccaatca

agagcccaca

cegtgtatee

gagggtctee

ccgggatcgg

agcaacttat

tcggtactag

cggaacaccc

cccgacctga

agggatatgt

ttttgettte

tgtgttgtet

ccactccectt

agtcggtaga

ttaacgtegyg

tcaaggtett

gggaagcctt

cgectectet

ctcgatecte

gaagttccta

cctattecga

cgcggtggag

agttatgggt

gtatagcata

tagaggatcg

ccagcatgec

cccagaatag

aggacagtgg

gatggctggc

cctcagaaga

aaacaggata

agctgaatat

aagaacagat

gtttccaggyg

gttegettet

acccctecact

aataaaccct

tctgagtgat

gagaccecty

ctgtgtetgt

ttagctaact

ggcegcaace

gtccaaaaat

ggttctggta

ggtttgggac

ctgtctgact

aagtttgacc

tgtcaagaag

atggccgega

ttcacctgge

ggcttttgac

tcctecatcee

cctttatcca

ttccgaagtt

agttcctatt

c¢gaggaageg

cgatggtgag

cattatacga

agccccaget

tgctattgte

aatgacacct

gagtggcace

aactagaagg

actcgtcaag

tctgtggtaa

gggccaaaca

ggtccccaga

tgccccaagyg

cgettetgtt

cggggcgcca

cttgcagttyg

tgactacceg

cccagggace

ccgattgtet

agctctgtat

ctgggagacg

cccgategtt

ggagacgaga

cgaagccgeg

gtgtttetgt

ttaggtcact

agacgttggg

gacggcacct

ccgecatggac

ccececteect

geceegtete

geccteacte

cctattcette

ctctagaaag

gaagagtcta

atctggacta

agttatcgga

ggttetttec

ttcccaatce

actcagacaa

ttccagggte

cacagtcgag

aaggcgatag

gcagttcetg

ggatatctgt

tgcggtccag

acctgaaatg

cgegegette

gtcetecgat

catccgactt

tecageggggy

accgacccac

agtgtctatg

ctggcggace

tcccagggac

ttggactett

acctaaaaca

cegegegtet

atttgtctga

ggaaagatgt

ttaccttetg

ttaaccgaga

acccagacca

gggtcaagce

tcceecttga

cttetetagy

aaatagtata

tataggaact

gaataacttc

gagggtcgat

tcccagtgty

gtctcagaag

tccececttyge

tgcgatgcaa

aaggaaggca

getgatcage

aaggcgatge

cceceggetea

ggtaagcagt

ccctcageag

accctgtgec

tgctccccga

tgactgagtce

gtggtctege

tctttcattt

caccgggagg

actgatttta

cgtggtggaa

tthggggCC

tggtgcacce

gttecegect

tgtctgetge

gaattagggce

cgagcggatce

ctctgcagaa

cctcatcace

ggtccectac

ctttgtacac

acctectegt

cgccggcecgg

ggaacttegt

tctegtgacy

gtatagtata

ggtgatgett

gtggtactcg

ccatagagec

tgtcctgece

tttcctecatt

¢gggggaggy

gagctctaga

getgegaate

3728

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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-continued
gggagcggeyg ataccgtaaa gcacgaggaa gcggtcagec cattcgecge caagetctte 2100
agcaatatca cgggtagcca acgctatgte ctgatagegyg tcecgecacac ccagecggece 2160
acagtcgatg aatccagaaa agcggccatt ttccaccatg atattcggca agcaggcatc 2220
gecatgggte acgacgagat cctegecgte gggcatgege gecttgagec tggcgaacag 2280
tteggetgge gegagceccect gatgctette gtecagatca tecctgatcga caagaccggce 2340
ttccateccga gtacgtgete getcgatgceg atgttteget tggtggtcga atgggcaggt 2400
agccggatca agcgtatgca gecgcecgcat tgcatcagec atgatggata ctttceteggce 2460
aggagcaagg tgagatgaca ggagatcctg ceccggcact tegeccaata gcagcecagte 2520
cctteccget tcagtgacaa cgtcgagcac agetgcgcaa ggaacgccceyg tcegtggecag 2580
ccacgatagc cgcgctgect cgtectgcag ttcattcagg gcaccggaca ggtcggtcett 2640
gacaaaaaga accgggcgcece cctgegetga cagcecggaac acggceggceat cagagcagec 2700
gattgtctgt tgtgcccagt catagccgaa tagcctctec acccaagegg ccggagaacce 2760
tgcgtgcaat ccatcttgtt caatggccga tcccatattg gectgcagcce gggggatcecce 2820
ctgacaccag accaactggt aatggtagcg accggcgctc agctggaatt ccgccgatac 2880
tgacgggctc caggagtcgt cgccaccaat ccccatatgg aaaccgtcga tattcagceca 2940
tgtgccttet teccgegtgca gcagatggcg atggctggtt tccatcagtt getgttgact 3000
gtagcggetyg atgttgaact ggaagtcgcec gecgccactgg tgtgggccat aattcaattce 3060
gcgegteeeg cagcgcagac cgtttteget cgggaagacg tacggggtat acatgtcectga 3120
caatggcaga tcccagcggt caaaacaggc ggcagtaagg cggtcgggat agttttettg 3180
cggccctaat ccgagccagt ttacccgcte tgctacctge geccagetgge agttcaggcece 3240
aatccgegece ggatgeggtg tatcgctcecge cacttcaaca tcaacggtaa tegccatttg 3300
accactacca tcaatccggt aggttttccg gctgataaat aaggttttcecce cctgatgetg 3360
ccacgcgtga gcggtcgtaa tcagcaccgce atcagcaagt gtatctgcecg tgcactgcaa 3420
caacgctgcet tecggectggt aatggcccge cgecttecag cgttcgacce aggcgttagg 3480
gtcaatgcgg gtcgcttcac ttacgccaat gtcgttatce agecggtgcac gggtgaactg 3540
atcgcgcage ggcgtcagca gttgtttttt atcgccaatc cacatctgtg aaagaaagcce 3600
tgactggcgg ttaaattgcc aacgcttatt acccagctcecg atgcaaaaat ccatttcecget 3660
ggtggtcaga tgcgggatgg cgtgggacgce ggcggggagce gtcacactga ggttttecge 3720
cagacgccac tgctgccagg cgctgatgtg ccecggcttet gaccatgcgg tegegttegg 3780
ttgcactacg cgtactgtga gccagagttg cccggcgcetce teccggcectgeg gtagttcagg 3840
cagttcaatc aactgtttac cttgtggagc gacatccaga ggcacttcac cgcttgccag 3900
cggcttacca tccagcgcca ccatccagtg caggagctceg ttatcgctat gacggaacag 3960
gtattcgetyg gtcacttcga tggtttgcce ggataaacgg aactggaaaa actgctgcetg 4020
gtgttttgcet tcececgtcagcg ctggatgegg cgtgcggteg gcaaagacca gaccgttceat 4080
acagaactgg cgatcgtteg gegtatcgce aaaatcaccg ccgtaagccg accacgggtt 4140
gccgtttteca tcatatttaa tcagcgactg atccacccag tcccagacga agccgcectg 4200
taaacgggga tactgacgaa acgcctgcca gtatttagceg aaaccgccaa gactgttacce 4260
catcgegtgg gecgtattege aaaggatcag cgggcgegtce tctceccaggta gcegaaagceca 4320
ttttttgatg gaccatttcg gcacagccgg gaagggcetgg tcettcatcca cgcgegegta 4380
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catcgggcaa ataatatcgg tggccgtggt gtcggctecg cecgecttcat actgcaccgg 4440
gcgggaagga tcgacagatt tgatccageg atacagcgeg tcegtgattag cgccgtggece 4500
tgattcattc cccagcgacc agatgatcac actcgggtga ttacgatcge gcectgcaccat 4560
tcgegttacg cgttegcteca tegeccggtag ccagecgcegga tcatcggtca gacgattcat 4620
tggcaccatg ccgtgggttt caatattggce ttcatccacc acatacaggce cgtagcggtce 4680
gcacagcgtg taccacagcg gatggttegg ataatgcgaa cagcgcacgg cgttaaagtt 4740
gttctgctte atcagcagga tatcctgcac catcgtctge tcatccatga cctgaccatg 4800
cagaggatga tgctcgtgac ggttaacgcce tcgaatcagce aacggcttge cgttcagcag 4860
cagcagacca ttttcaatcc gcacctecgcg gaaaccgaca tcgcaggctt ctgcttcaat 4920
cagcgtgeecg tecggeggtgt gcagttcaac caccgcacga tagagattcg ggattteggce 4980
gcteccacagt ttegggtttt cgacgttcag acgtagtgtg acgcgatcgg cataaccacc 5040
acgctcatcg ataatttcac cgccgaaagg cgcggtgcecg ctggcgacct gegtttcace 5100
ctgccataaa gaaactgtta cccgtaggta gtcacgcaac tcgccgcaca tcectgaactte 5160
agcctecagt acagcgcggce tgaaatcatc attaaagcga gtggcaacat ggaaatcgcet 5220
gatttgtgta gtcggtttat gcagcaacga gacgtcacgg aaaatgccgc tcatccgeca 5280
catatcctga tcttceccagat aactgccgte actccaacgce agcaccatca ccgcgaggcyg 5340
gttttcteeg gegegtaaaa atgcgctcag gtcaaattca gacggcaaac gactgtectg 5400
geegtaaceyg acccagcgece cgttgcacca cagatgaaac gecgagttaa cgccatcaaa 5460
aataattcgce gtctggcectt cctgtagcca gctttcatca acattaaatg tgagcgagta 5520
acaaccecgte ggattcteeg tgggaacaaa cggcggattg accgtaatgg gataggttac 5580
gttggtgtag atgggcgcat cgtaaccgtg catctgccag tttgagggga cgacgacagt 5640
atcggectca ggaagatcge actccagcca gctttcecegge accgecttcectg gtgccggaaa 5700
ccaggcaaag cgccattcge cattcaggct gcgcaactgt tgggaagggce gatcggtgceg 5760
ggcctetteg ctattacgce agectggcgaa agggggatgt getgcaaggce gattaagttg 5820
ggtaacgcca gggttttccece agtcacgacg ttgtaaaacg acgggatccg ccatgtcaca 5880
gatcatcaag cttatcgata ccgtcgatcc ccactggaaa gaccgcgaag agtttgtect 5940
caaccgcgag ctgtggaaaa aaaagggaca ggataagtat gacatcatca aggaaaccct 6000
ggactactgc gccctacaga tctgcagecce gggggatcca ctagttctag cctecgagtag 6060
gaattcgata acttcgtata atgtatacta tacgaagtta tgggtcgatg gtgatgcttg 6120
gcaattcggg tcgatggtga agcttggata acttcgtata atgtatgecta tacgaagtta 6180
tcaattcgecce ctatagtgag tcegtattcte ccgaaaaccg cttctagcaa cgaagttect 6240
atactatttg aagaatagga acttcggaat aggaacttca gctctgtatc gtctatcgtt 6300
atgtctaatg gtatctgatg cagatcttct gtatcgtcecta tcgttatgtce taatggtatce 6360
tgatgcagat ctgctgaagt tcctatactt tctagagaat aggaacttcg gaataggaac 6420
ttcgaattct cgagggccceg ggctcgacca gctgtgcegca tagtggcttg aatcgataaa 6480
ataaaagatt ttatttagtc tccagaaaaa ggggggaatg aaagacccca cctgtaggtt 6540
tggcaagcta gcacaacccce tcactcegggg cgccagtect cecgattgact gagtcgecceccg 6600
ggtacccgtyg tatccaataa accctcttge agttgcatcec gacttgtggt ctegetgtte 6660
cttgggaggg tctcectctga gtgattgact acccgtcage gggggtcttt cacatgcagce 6720
atgtatcaaa attaatttgg ttttttttct taagtattta cattaaatgg ccatagttgc 6780
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attaatgaat cggccaacgc gcggggagag gcggtttgeg tattgggcge tettecegett 6840
cctegetecac tgactcecgetg cgecteggteg tteggctgeg gegageggta tcagctcact 6900
caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag 6960
caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgce gttgctggeg tttttcecata 7020
ggcteccegeee cectgacgag catcacaaaa atcgacgcetce aagtcagagg tggcgaaacce 7080
cgacaggact ataaagatac caggcgtttc ccecctggaag ctccectegtg cgctctectg 7140
ttccgaccct gecgettace ggatacctgt ccgectttet cectteggga agegtggegce 7200
tttctcatag ctcacgctgt aggtatctca gttecggtgta ggtcecgttcge tecaagetgg 7260
gctgtgtgeca cgaaccccce gttcageceg accgctgcge cttatccggt aactatcgte 7320
ttgagtccaa cccggtaaga cacgacttat cgccactgge agcagccact ggtaacagga 7380
ttagcagagc gaggtatgta ggcggtgcta cagagttcectt gaagtggtgg cctaactacg 7440
gctacactag aaggacagta tttggtatct gecgctcectget gaagccagtt accttcggaa 7500
aaagagttgg tagctcttga tccggcaaac aaaccaccgce tggtagcggt ggtttttttg 7560
tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt 7620
ctacggggtc tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat 7680
tatcaaaaag gatcttcacc tagatccttt tgcggccgca aatcaatcta aagtatatat 7740
gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg aggcacctat ctcagcgatc 7800
tgtctatttc gttcatccat agttgcctga ctcecccecgteg tgtagataac tacgatacgg 7860
gagggcttac catctggcce cagtgctgca atgataccge gagacccacg ctcaccggcet 7920
ccagatttat cagcaataaa ccagccagcec ggaagggccg agcgcagaag tggtectgca 7980
actttatccg cctcecatcca gtctattaat tgttgcecggg aagctagagt aagtagttcg 8040
ccagttaata gtttgcgcaa cgttgttgce attgctgcag gcatcgtggt gtcacgectceg 8100
tcgtttggta tggcttcatt cagctcecggt tcccaacgat caaggcgagt tacatgatcce 8160
cccatgttgt gcaaaaaagc ggttagctce ttecggtecte cgatcgttgt cagaagtaag 8220
ttggcecgcag tgttatcact catggttatg gcagcactgce ataattctcect tactgtcatg 8280
ccatccgtaa gatgctttte tgtgactggt gagtactcaa ccaagtcatt ctgagaatag 8340
tgtatgcgge gaccgagttg ctettgecccg gcgtcaatac gggataatac cgcgccacat 8400
agcagaactt taaaagtgct catcattgga aaacgttctt cggggcgaaa actctcaagg 8460
atcttaccgce tgttgagatc cagttcgatg taacccactc gtgcacccaa ctgatcttca 8520
gcatctttta ctttcaccag cgtttctggg tgagcaaaaa caggaaggca aaatgccgca 8580
aaaaagggaa taagggcgac acggaaatgt tgaatactca tactcttcct ttttcaatat 8640
tattgaagca tttatcaggg ttattgtctc atgagcggat acatatttga atgtatttag 8700
aaaaataaac aaataggggt tccgcgcaca ttteccccgaa 8740

<210> SEQ ID NO 4
<211> LENGTH: 8878

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Retroviral gene trap vector eFlip3ROSAbetaGeo

<400> SEQUENCE: 4

ctgcagectyg aatatgggec aaacaggata tctgtggtaa geagttceetg cccceggetca

60
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gggccaagaa cagatggaac agctgaatat gggccaaaca ggatatctgt ggtaagcagt 120
teetgecceg getcagggcee aagaacagat ggtccccaga tgceggtccag ccctcagcag 180
tttctagaga accatcagat gtttccaggg tgccccaagg acctgaaatyg accctgtgece 240
ttatttgaac taaccaatca gttcgcttet cgettetgtt cgegegette tgctecccga 300
gctcaataaa agagcccaca acccectcact cggggegeca gtectecgat tgactgagte 360
geeegggtac cegtgtatce aataaaccct cttgcagttg catccgactt gtggtctege 420
tgttecttgyg gagggtctcee tctgagtgat tgactacceyg tcageggggyg tetttcattt 480
gggggctegt cegggatcegg gagaccectg cccagggacce accgacccac caccgggagyg 540
caagctggee agcaacttat ctgtgtetgt cegattgtet agtgtctatg actgatttta 600
tgegectgeg teggtactag ttagctaact agetctgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacaccc ggccgcaacce ctgggagacyg tcccagggac ttcegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcaccce 780
cccttagagg agggatatgt ggttctggta ggagacgaga acctaaaaca gttceccgect 840
cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
atccgttget gaagttccta ttccgaagtt cctattcttce aaatagtata ggaacttegt 1440
taacgaagtt cctattccga agttcctatt ctctagaaag tataggaact tcectcecgtgacg 1500
gtctcgaage cgcggtggag cgaggaagcg gaagagtcta gaataacttc gtatagtata 1560
cattatacga agttatgggt cgatggtgag atctggacta gagggtcgat ggtgatgcett 1620
ggataacttc gtatagcata cattatacga agttatcgga tcccagtgtg gtggtactceg 1680
aggtcgactc tagaggatcg agccccagct ggttcectttece gtctcagaag ccatagagcece 1740
caccgcatcce ccagcatgec tgctattgte tteccaatcce tecccecttge tgtectgece 1800
caccccaccce cccagaatag aatgacacct actcagacaa tgcgatgcaa tttectcatt 1860
ttattaggaa aggacagtgg gagtggcacc ttccagggte aaggaaggca cgggggaggg 1920
gcaaacaaca gatggctgge aactagaagg cacagtcgag gctgatcagce gagcetctaga 1980
gaattgatcc cctcagaaga actcgtcaag aaggcgatag aaggcgatgc gctgcgaatce 2040
gggagcggeyg ataccgtaaa gcacgaggaa gcggtcagec cattcgecge caagetctte 2100
agcaatatca cgggtagcca acgctatgte ctgatagegyg tcecgecacac ccagecggece 2160
acagtcgatg aatccagaaa agcggccatt ttccaccatg atattcggca agcaggcatc 2220
gecatgggte acgacgagat cctegecgte gggcatgege gecttgagec tggcgaacag 2280
tteggetgge gegagceccect gatgctette gtecagatca tecctgatcga caagaccggce 2340
ttccateccga gtacgtgete getcgatgceg atgttteget tggtggtcga atgggcaggt 2400
agccggatca agcgtatgca gecgcecgcat tgcatcagec atgatggata ctttceteggce 2460
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aggagcaagg tgagatgaca ggagatcctg ceccggcact tegeccaata gcagcecagte 2520
cctteccget tcagtgacaa cgtcgagcac agetgcgcaa ggaacgccceyg tcegtggecag 2580
ccacgatagc cgcgctgect cgtectgcag ttcattcagg gcaccggaca ggtcggtcett 2640
gacaaaaaga accgggcgcece cctgegetga cagcecggaac acggceggceat cagagcagec 2700
gattgtctgt tgtgcccagt catagccgaa tagcctctec acccaagegg ccggagaacce 2760
tgcgtgcaat ccatcttgtt caatggccga tcccatattg gectgcagcce gggggatcecce 2820
ctgacaccag accaactggt aatggtagcg accggcgctc agctggaatt ccgccgatac 2880
tgacgggctc caggagtcgt cgccaccaat ccccatatgg aaaccgtcga tattcagceca 2940
tgtgccttet teccgegtgca gcagatggcg atggctggtt tccatcagtt getgttgact 3000
gtagcggetyg atgttgaact ggaagtcgcec gecgccactgg tgtgggccat aattcaattce 3060
gcgegteeeg cagcgcagac cgtttteget cgggaagacg tacggggtat acatgtcectga 3120
caatggcaga tcccagcggt caaaacaggc ggcagtaagg cggtcgggat agttttettg 3180
cggccctaat ccgagccagt ttacccgcte tgctacctge geccagetgge agttcaggcece 3240
aatccgegece ggatgeggtg tatcgctcecge cacttcaaca tcaacggtaa tegccatttg 3300
accactacca tcaatccggt aggttttccg gctgataaat aaggttttcecce cctgatgetg 3360
ccacgcgtga gcggtcgtaa tcagcaccgce atcagcaagt gtatctgcecg tgcactgcaa 3420
caacgctgcet tecggectggt aatggcccge cgecttecag cgttcgacce aggcgttagg 3480
gtcaatgcgg gtcgcttcac ttacgccaat gtcgttatce agecggtgcac gggtgaactg 3540
atcgcgcage ggcgtcagca gttgtttttt atcgccaatc cacatctgtg aaagaaagcce 3600
tgactggcgg ttaaattgcc aacgcttatt acccagctcecg atgcaaaaat ccatttcecget 3660
ggtggtcaga tgcgggatgg cgtgggacgce ggcggggagce gtcacactga ggttttecge 3720
cagacgccac tgctgccagg cgctgatgtg ccecggcttet gaccatgcgg tegegttegg 3780
ttgcactacg cgtactgtga gccagagttg cccggcgcetce teccggcectgeg gtagttcagg 3840
cagttcaatc aactgtttac cttgtggagc gacatccaga ggcacttcac cgcttgccag 3900
cggcttacca tccagcgcca ccatccagtg caggagctceg ttatcgctat gacggaacag 3960
gtattcgetyg gtcacttcga tggtttgcce ggataaacgg aactggaaaa actgctgcetg 4020
gtgttttgcet tcececgtcagcg ctggatgegg cgtgcggteg gcaaagacca gaccgttceat 4080
acagaactgg cgatcgtteg gegtatcgce aaaatcaccg ccgtaagccg accacgggtt 4140
gccgtttteca tcatatttaa tcagcgactg atccacccag tcccagacga agccgcectg 4200
taaacgggga tactgacgaa acgcctgcca gtatttagceg aaaccgccaa gactgttacce 4260
catcgegtgg gecgtattege aaaggatcag cgggcgegtce tctceccaggta gcegaaagceca 4320
ttttttgatg gaccatttcg gcacagccgg gaagggcetgg tcettcatcca cgcgegegta 4380
catcgggcaa ataatatcgg tggccgtggt gtcggctecg cecgecttcat actgcaccgg 4440
gcgggaagga tcgacagatt tgatccageg atacagcgeg tcegtgattag cgccgtggece 4500
tgattcattc cccagcgacc agatgatcac actcgggtga ttacgatcge gcectgcaccat 4560
tcgegttacg cgttegcteca tegeccggtag ccagecgcegga tcatcggtca gacgattcat 4620
tggcaccatg ccgtgggttt caatattggce ttcatccacc acatacaggce cgtagcggtce 4680
gcacagcgtg taccacagcg gatggttegg ataatgcgaa cagcgcacgg cgttaaagtt 4740
gttctgctte atcagcagga tatcctgcac catcgtctge tcatccatga cctgaccatg 4800
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cagaggatga tgctcgtgac ggttaacgcce tcgaatcagce aacggcttge cgttcagcag 4860
cagcagacca ttttcaatcc gcacctecgcg gaaaccgaca tcgcaggctt ctgcttcaat 4920
cagcgtgeecg tecggeggtgt gcagttcaac caccgcacga tagagattcg ggattteggce 4980
gcteccacagt ttegggtttt cgacgttcag acgtagtgtg acgcgatcgg cataaccacc 5040
acgctcatcg ataatttcac cgccgaaagg cgcggtgcecg ctggcgacct gegtttcace 5100
ctgccataaa gaaactgtta cccgtaggta gtcacgcaac tcgccgcaca tcectgaactte 5160
agcctecagt acagcgcggce tgaaatcatc attaaagcga gtggcaacat ggaaatcgcet 5220
gatttgtgta gtcggtttat gcagcaacga gacgtcacgg aaaatgccgc tcatccgeca 5280
catatcctga tcttceccagat aactgccgte actccaacgce agcaccatca ccgcgaggcyg 5340
gttttcteeg gegegtaaaa atgcgctcag gtcaaattca gacggcaaac gactgtectg 5400
geegtaaceyg acccagcgece cgttgcacca cagatgaaac gecgagttaa cgccatcaaa 5460
aataattcgce gtctggcectt cctgtagcca gctttcatca acattaaatg tgagcgagta 5520
acaaccecgte ggattcteeg tgggaacaaa cggcggattg accgtaatgg gataggttac 5580
gttggtgtag atgggcgcat cgtaaccgtg catctgccag tttgagggga cgacgacagt 5640
atcggectca ggaagatcge actccagcca gctttcecegge accgecttcectg gtgccggaaa 5700
ccaggcaaag cgccattcge cattcaggct gcgcaactgt tgggaagggce gatcggtgceg 5760
ggcctetteg ctattacgce agectggcgaa agggggatgt getgcaaggce gattaagttg 5820
ggtaacgcca gggttttccece agtcacgacg ttgtaaaacg acgggatccg ccatgtcaca 5880
gatcatcaag cttatcgata ccgtcgatcc ccactggaaa gaccgcgaag agtttgtect 5940
caaccgcgag ctgtggaaaa aaaagggaca ggataagtat gacatcatca aggaaaccct 6000
ggactactgc gccctacaga tctgcagecce gggggatcca ctagttctag cctecgagtag 6060
gaattcgata acttcgtata atgtatacta tacgaagtta tgggtcgatg gtgatgcttg 6120
gcaattcggg tcgatggtga agcttggata acttcgtata atgtatgecta tacgaagtta 6180
tcaattcgecce ctatagtgag tcegtattcte ccgaaaaccg cttctagcaa cgaagttect 6240
atactatttg aagaatagga acttcggaat aggaacttca gcagatctgc ttttccattt 6300
gcatttcaaa tgtgatttta acttacatta tacaaagctg aaaggtcagt gcaggatctg 6360
cttttccatt tgcatttcaa atgtgatttt aacttacatt atacaaagct gaaaggtcag 6420
tgcaggatct gettttccat ttgcatttca aatgtgattt taacttacat tatacaaagc 6480
tgaaaggtca gtgcaggatc tgctgaagtt cctatacttt ctagagaata ggaacttcgg 6540
aataggaact tcgaattctc gagggcccgg gctcgaccag ctgtgecgcat agtggcttga 6600
atcgataaaa taaaagattt tatttagtct ccagaaaaag gggggaatga aagaccccac 6660
ctgtaggttt ggcaagctag cacaacccct cactcggggce gccagtceccte cgattgactg 6720
agtcgececgg gtacccgtgt atccaataaa ccctcecttgca gttgcatceg acttgtggte 6780
tcgetgttee ttgggagggt ctectctgag tgattgacta cccgtcageg ggggtcettte 6840
acatgcagca tgtatcaaaa ttaatttggt tttttttett aagtatttac attaaatggc 6900
catagttgca ttaatgaatc ggccaacgcg cggggagagg cggtttgcgt attgggcgcet 6960
cttcegette ctegectcact gactcegetge gcteggtegt teggectgcegg cgagceggtat 7020
cagctcacte aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 7080
acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgeyg ttgetggegt 7140
ttttccatag gectcececgeecee cctgacgage atcacaaaaa tcgacgctca agtcagaggt 7200
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ggcgaaaccce gacaggacta taaagatacc aggcgtttec ccctggaagce tcectegtge 7260
gctetectgt tecgaccctg ccecgettaceg gatacctgte cgectttete ccttegggaa 7320
gcgtggeget ttectcatage tcacgctgta ggtatctcag tteggtgtag gtegtteget 7380
ccaagctggg ctgtgtgcac gaaccccccg ttcagccecga cecgctgcecgece ttatcceggta 7440
actatcgtct tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg 7500
gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg aagtggtgge 7560
ctaactacgg ctacactaga aggacagtat ttggtatctg cgctctgctg aagccagtta 7620
ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtageggtg 7680
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 7740
tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 7800
tcatgagatt atcaaaaagg atcttcacct agatcctttt gecggccgcaa atcaatctaa 7860
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 7920
tcagcgatct gtctattteg ttcatccata gttgcctgac tcccegtcegt gtagataact 7980
acgatacggg agggcttacc atctggeccce agtgctgcaa tgataccgeyg agacccacgce 8040
tcaccggcete cagatttatc agcaataaac cagccageceyg gaagggccga gcgcagaagt 8100
ggtcctgcaa ctttatccge cteccatccag tcectattaatt gttgccecggga agctagagta 8160
agtagttcge cagttaatag tttgcgcaac gttgttgcca ttgctgcagg catcgtggtg 8220
tcacgctegt cgtttggtat ggcttcatte agctccggtt cccaacgatce aaggcgagtt 8280
acatgatccce ccatgttgtg caaaaaagcg gttagctect tecggtcecctece gatcgttgte 8340
agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca taattctcectt 8400
actgtcatgc catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattce 8460
tgagaatagt gtatgcggcg accgagttgce tcttgcecegg cgtcaatacg ggataatacc 8520
gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa 8580
ctctcaagga tcttaccget gttgagatce agttcgatgt aacccactcg tgcacccaac 8640
tgatcttcag catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggcaa 8700
aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttectt 8760
tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa 8820
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccac 8878

<210> SEQ ID NO 5
<211> LENGTH: 9091

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Retroviral gene trap vector eFlip6ROSAbetaGeo

<400> SEQUENCE: 5

ctgcagectyg

gggccaagaa

tecctgeceeyg

tttctagaga

ttatttgaac

gctcaataaa

aatatgggcc

cagatggaac

gctecagggece

accatcagat

taaccaatca

agagcccaca

aaacaggata

agctgaatat

aagaacagat

gtttccaggyg

gttegettet

acccctecact

tctgtggtaa

gggccaaaca

ggtccccaga

tgccccaagyg

cgettetgtt

cggggcgcca

gcagttcetg

ggatatctgt

tgcggtccag

acctgaaatg

cgegegette

gtcetecgat

cceceggetea

ggtaagcagt

ccctcageag

accctgtgec

tgctccccga

tgactgagtce

60

120

180

240

300

360
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geeegggtac cegtgtatce aataaaccct cttgcagttg catccgactt gtggtctege 420
tgttecttgyg gagggtctcee tctgagtgat tgactacceyg tcageggggyg tetttcattt 480
gggggctegt cegggatcegg gagaccectg cccagggacce accgacccac caccgggagyg 540
caagctggee agcaacttat ctgtgtetgt cegattgtet agtgtctatg actgatttta 600
tgegectgeg teggtactag ttagctaact agetctgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacaccc ggccgcaacce ctgggagacyg tcccagggac ttcegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcaccce 780
cccttagagg agggatatgt ggttctggta ggagacgaga acctaaaaca gttceccgect 840
cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
atccgttget gaagttccta ttccgaagtt cctattcttce aaatagtata ggaacttegt 1440
taacgaagtt cctattccga agttcctatt ctctagaaag tataggaact tcectcecgtgacg 1500
gtctcgaage cgcggtggag cgaggaagcg gaagagtcta gaataacttc gtatagtata 1560
cattatacga agttatgggt cgatggtgag atctggacta gagggtcgat ggtgatgcett 1620
ggataacttc gtatagcata cattatacga agttatcgga tcccagtgtg gtggtactceg 1680
aggtcgactc tagaggatcg agccccagct ggttcectttece gtctcagaag ccatagagcece 1740
caccgcatcce ccagcatgec tgctattgte tteccaatcce tecccecttge tgtectgece 1800
caccccaccce cccagaatag aatgacacct actcagacaa tgcgatgcaa tttectcatt 1860
ttattaggaa aggacagtgg gagtggcacc ttccagggte aaggaaggca cgggggaggg 1920
gcaaacaaca gatggctgge aactagaagg cacagtcgag gctgatcagce gagcetctaga 1980
gaattgatcc cctcagaaga actcgtcaag aaggcgatag aaggcgatgc gctgcgaatce 2040
gggagcggeyg ataccgtaaa gcacgaggaa gcggtcagec cattcgecge caagetctte 2100
agcaatatca cgggtagcca acgctatgte ctgatagegyg tcecgecacac ccagecggece 2160
acagtcgatg aatccagaaa agcggccatt ttccaccatg atattcggca agcaggcatc 2220
gecatgggte acgacgagat cctegecgte gggcatgege gecttgagec tggcgaacag 2280
tteggetgge gegagceccect gatgctette gtecagatca tecctgatcga caagaccggce 2340
ttccateccga gtacgtgete getcgatgceg atgttteget tggtggtcga atgggcaggt 2400
agccggatca agcgtatgca gecgcecgcat tgcatcagec atgatggata ctttceteggce 2460
aggagcaagg tgagatgaca ggagatcctg ceccggcact tegeccaata gcagcecagte 2520
cctteccget tcagtgacaa cgtcgagcac agetgcgcaa ggaacgccceyg tcegtggecag 2580
ccacgatagc cgcgctgect cgtectgcag ttcattcagg gcaccggaca ggtcggtcett 2640
gacaaaaaga accgggcgcece cctgegetga cagcecggaac acggceggceat cagagcagec 2700
gattgtctgt tgtgcccagt catagccgaa tagcctctec acccaagegg ccggagaacce 2760
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tgcgtgcaat ccatcttgtt caatggccga tcccatattg gectgcagcce gggggatcecce 2820
ctgacaccag accaactggt aatggtagcg accggcgctc agctggaatt ccgccgatac 2880
tgacgggctc caggagtcgt cgccaccaat ccccatatgg aaaccgtcga tattcagceca 2940
tgtgccttet teccgegtgca gcagatggcg atggctggtt tccatcagtt getgttgact 3000
gtagcggetyg atgttgaact ggaagtcgcec gecgccactgg tgtgggccat aattcaattce 3060
gcgegteeeg cagcgcagac cgtttteget cgggaagacg tacggggtat acatgtcectga 3120
caatggcaga tcccagcggt caaaacaggc ggcagtaagg cggtcgggat agttttettg 3180
cggccctaat ccgagccagt ttacccgcte tgctacctge geccagetgge agttcaggcece 3240
aatccgegece ggatgeggtg tatcgctcecge cacttcaaca tcaacggtaa tegccatttg 3300
accactacca tcaatccggt aggttttccg gctgataaat aaggttttcecce cctgatgetg 3360
ccacgcgtga gcggtcgtaa tcagcaccgce atcagcaagt gtatctgcecg tgcactgcaa 3420
caacgctgcet tecggectggt aatggcccge cgecttecag cgttcgacce aggcgttagg 3480
gtcaatgcgg gtcgcttcac ttacgccaat gtcgttatce agecggtgcac gggtgaactg 3540
atcgcgcage ggcgtcagca gttgtttttt atcgccaatc cacatctgtg aaagaaagcce 3600
tgactggcgg ttaaattgcc aacgcttatt acccagctcecg atgcaaaaat ccatttcecget 3660
ggtggtcaga tgcgggatgg cgtgggacgce ggcggggagce gtcacactga ggttttecge 3720
cagacgccac tgctgccagg cgctgatgtg ccecggcttet gaccatgcgg tegegttegg 3780
ttgcactacg cgtactgtga gccagagttg cccggcgcetce teccggcectgeg gtagttcagg 3840
cagttcaatc aactgtttac cttgtggagc gacatccaga ggcacttcac cgcttgccag 3900
cggcttacca tccagcgcca ccatccagtg caggagctceg ttatcgctat gacggaacag 3960
gtattcgetyg gtcacttcga tggtttgcce ggataaacgg aactggaaaa actgctgcetg 4020
gtgttttgcet tcececgtcagcg ctggatgegg cgtgcggteg gcaaagacca gaccgttceat 4080
acagaactgg cgatcgtteg gegtatcgce aaaatcaccg ccgtaagccg accacgggtt 4140
gccgtttteca tcatatttaa tcagcgactg atccacccag tcccagacga agccgcectg 4200
taaacgggga tactgacgaa acgcctgcca gtatttagceg aaaccgccaa gactgttacce 4260
catcgegtgg gecgtattege aaaggatcag cgggcgegtce tctceccaggta gcegaaagceca 4320
ttttttgatg gaccatttcg gcacagccgg gaagggcetgg tcettcatcca cgcgegegta 4380
catcgggcaa ataatatcgg tggccgtggt gtcggctecg cecgecttcat actgcaccgg 4440
gcgggaagga tcgacagatt tgatccageg atacagcgeg tcegtgattag cgccgtggece 4500
tgattcattc cccagcgacc agatgatcac actcgggtga ttacgatcge gcectgcaccat 4560
tcgegttacg cgttegcteca tegeccggtag ccagecgcegga tcatcggtca gacgattcat 4620
tggcaccatg ccgtgggttt caatattggce ttcatccacc acatacaggce cgtagcggtce 4680
gcacagcgtg taccacagcg gatggttegg ataatgcgaa cagcgcacgg cgttaaagtt 4740
gttctgctte atcagcagga tatcctgcac catcgtctge tcatccatga cctgaccatg 4800
cagaggatga tgctcgtgac ggttaacgcce tcgaatcagce aacggcttge cgttcagcag 4860
cagcagacca ttttcaatcc gcacctecgcg gaaaccgaca tcgcaggctt ctgcttcaat 4920
cagcgtgeecg tecggeggtgt gcagttcaac caccgcacga tagagattcg ggattteggce 4980
gcteccacagt ttegggtttt cgacgttcag acgtagtgtg acgcgatcgg cataaccacc 5040
acgctcatcg ataatttcac cgccgaaagg cgcggtgcecg ctggcgacct gegtttcace 5100
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ctgccataaa gaaactgtta cccgtaggta gtcacgcaac tcgccgcaca tcectgaactte 5160
agcctecagt acagcgcggce tgaaatcatc attaaagcga gtggcaacat ggaaatcgcet 5220
gatttgtgta gtcggtttat gcagcaacga gacgtcacgg aaaatgccgc tcatccgeca 5280
catatcctga tcttceccagat aactgccgte actccaacgce agcaccatca ccgcgaggcyg 5340
gttttcteeg gegegtaaaa atgcgctcag gtcaaattca gacggcaaac gactgtectg 5400
geegtaaceyg acccagcgece cgttgcacca cagatgaaac gecgagttaa cgccatcaaa 5460
aataattcgce gtctggcectt cctgtagcca gctttcatca acattaaatg tgagcgagta 5520
acaaccecgte ggattcteeg tgggaacaaa cggcggattg accgtaatgg gataggttac 5580
gttggtgtag atgggcgcat cgtaaccgtg catctgccag tttgagggga cgacgacagt 5640
atcggectca ggaagatcge actccagcca gctttcecegge accgecttcectg gtgccggaaa 5700
ccaggcaaag cgccattcge cattcaggct gcgcaactgt tgggaagggce gatcggtgceg 5760
ggcctetteg ctattacgce agectggcgaa agggggatgt getgcaaggce gattaagttg 5820
ggtaacgcca gggttttccece agtcacgacg ttgtaaaacg acgggatccg ccatgtcaca 5880
gatcatcaag cttatcgata ccgtcgatcc ccactggaaa gaccgcgaag agtttgtect 5940
caaccgcgag ctgtggaaaa aaaagggaca ggataagtat gacatcatca aggaaaccct 6000
ggactactgc gccctacaga tctgcagecce gggggatcca ctagttctag cctecgagtag 6060
gaattcgata acttcgtata atgtatacta tacgaagtta tgggtcgatg gtgatgcttg 6120
gcaattcggg tcgatggtga agcttggata acttcgtata atgtatgecta tacgaagtta 6180
tcaattcgecce ctatagtgag tcegtattcte ccgaaaaccg cttctagcaa cgaagttect 6240
atactatttg aagaatagga acttcggaat aggaacttca gcagatctgc ttttccattt 6300
gcatttcaaa tgtgatttta acttacatta tacaaagctg aaaggtcagt gcaggatctg 6360
cttttccatt tgcatttcaa atgtgatttt aacttacatt atacaaagct gaaaggtcag 6420
tgcaggatct gettttccat ttgcatttca aatgtgattt taacttacat tatacaaagc 6480
tgaaaggtca gtgcaggatc tgcttttcca tttgcatttc aaatgtgatt ttaacttaca 6540
ttatacaaag ctgaaaggtc agtgcaggat ctgcttttcc atttgcattt caaatgtgat 6600
tttaacttac attatacaaa gctgaaaggt cagtgcagga tctgctttte catttgcatt 6660
tcaaatgtga ttttaactta cattatacaa agctgaaagg tcagtgcagg atctgctgaa 6720
gttcctatac tttctagaga ataggaactt cggaatagga acttcgaatt ctcgagggcece 6780
cgggctcegac cagctgtgeg catagtggct tgaatcgata aaataaaaga ttttatttag 6840
tcteccagaaa aaggggggaa tgaaagaccce cacctgtagyg tttggcaage tagcacaacce 6900
cctcactegg ggcgccagte cteccgattga ctgagtcegece cgggtacceg tgtatccaat 6960
aaaccctett gecagttgcat ccgacttgtg gtetegetgt teccttgggag ggtctcectcet 7020
gagtgattga ctacccgtca gcgggggtct ttcacatgca gcatgtatca aaattaattt 7080
ggtttttttt cttaagtatt tacattaaat ggccatagtt gcattaatga atcggccaac 7140
gcgeggggag aggcggtttg cgtattggge gectcttceccge ttectegetce actgactege 7200
tgcgcteggt cgtteggetyg cggcgagcegg tatcagcetca ctcaaaggceg gtaatacggt 7260
tatccacaga atcaggggat aacgcaggaa agaacatgtyg agcaaaaggc cagcaaaagg 7320
ccaggaaccg taaaaaggcc gegttgetgg cgttttteca taggctccge ccccecctgacg 7380
agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 7440
accaggcegtt tcccectgga agectccectceg tgcgcectetee tgtteccgace ctgecgetta 7500
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ccggatacct gtccgecttt cteccttcegg gaagegtgge getttcectcat agectcacget 7560
gtaggtatct cagttcggtg taggtcgttc gectccaaget gggctgtgtg cacgaacccce 7620
ccgttcagece cgaccgctge gecttatccecg gtaactateg tecttgagtee aacccggtaa 7680
gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 7740
taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 7800
tatttggtat ctgcgctctyg ctgaagccag ttaccttegg aaaaagagtt ggtagctcett 7860
gatccggcaa acaaaccacce gctggtageg gtggtttttt tgtttgcaag cagcagatta 7920
cgcgcagaaa aaaaggatct caagaagatc ctttgatcett ttctacgggg tcetgacgcetce 7980
agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca 8040
cctagatcct tttgcggecg caaatcaatc taaagtatat atgagtaaac ttggtctgac 8100
agttaccaat gcttaatcag tgaggcacct atctcagcga tctgtctatt tegttcatce 8160
atagttgcct gactcccegt cgtgtagata actacgatac gggagggctt accatctggce 8220
cccagtgetg caatgatacc gcgagaccca cgctcaccgg ctccagattt atcagcaata 8280
aaccagccag ccggaagggce cgagcgcaga agtggtcectyg caactttatce cgectccate 8340
cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa tagtttgcegce 8400
aacgttgttg ccattgctgce aggcatcgtg gtgtcacget cgtcegtttgg tatggcttca 8460
ttcagctceg gttceccaacyg atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa 8520
gcggttaget cctteggtcee tcecgategtt gtcagaagta agttggccgce agtgttatca 8580
ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt aagatgettt 8640
tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt 8700
tgctcttgee cggcgtcaat acgggataat accgcgccac atagcagaac tttaaaagtg 8760
ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacce getgttgaga 8820
tccagttega tgtaacccac tcecgtgcacce aactgatcectt cagcatcttt tactttcacce 8880
agegtttetyg ggtgagcaaa aacaggaagg caaaatgccyg caaaaaaggyg aataagggcg 8940
acacggaaat gttgaatact catactcttc ctttttcaat attattgaag catttatcag 9000
ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg 9060
gttcecgecgeca catttcecccecg aaaagtgcca ¢ 9091

<210> SEQ ID NO 6
<211> LENGTH: 10372

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Retroviral gene trap vector FlipROSAbetaGeoPuro

<400> SEQUENCE: 6

ctgcagectyg

gggccaagaa

tecctgeceeyg

tttctagaga

ttatttgaac

gctcaataaa

gecegggtac

aatatgggcc

cagatggaac

gctecagggece

accatcagat

taaccaatca

agagcccaca

cegtgtatee

aaacaggata

agctgaatat

aagaacagat

gtttccaggyg

gttegettet

acccctecact

aataaaccct

tctgtggtaa

gggccaaaca

ggtccccaga

tgccccaagyg

cgettetgtt

cggggcgcca

cttgcagttyg

gcagttcetg

ggatatctgt

tgcggtccag

acctgaaatg

cgegegette

gtcetecgat

catccgactt

cceceggetea

ggtaagcagt

ccctcageag

accctgtgec

tgctccccga

tgactgagtce

gtggtctege

60

120

180

240

300

360

420
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tgttecttgyg gagggtctcee tctgagtgat tgactacceyg tcageggggyg tetttcattt 480
gggggctegt cegggatcegg gagaccectg cccagggacce accgacccac caccgggagyg 540
caagctggee agcaacttat ctgtgtetgt cegattgtet agtgtctatg actgatttta 600
tgegectgeg teggtactag ttagctaact agetctgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacaccc ggccgcaacce ctgggagacyg tcccagggac ttcegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcaccce 780
cccttagagg agggatatgt ggttctggta ggagacgaga acctaaaaca gttceccgect 840
cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
atccgttget gaagttccta ttccgaagtt cctattcttce aaatagtata ggaacttegt 1440
taacgaagtt cctattccga agttcctatt ctctagaaag tataggaact tcectcecgtgacg 1500
gtctcgaage cgcgggagat ctaattctag atttaagctt ctgatggaat tagaacttgg 1560
caaaacaata ctgagaatga agtgtatgtg gaacagaggc tgctgatctc gttcttcagg 1620
ctatgaaact gacacatttg gaaaccacag tacttagaac cacaaagtgg gaatcaagag 1680
aaaaacaatg atcccacgag agatctatag atctatagat catgagtggg aggaatgagc 1740
tggcccttaa tttggtttag cttgtttaaa ttatgatatc caactatgaa acattatcat 1800
aaagcaatag taaagagcca cagtaaagag caggcattta tcttaatccce accccaccce 1860
caccceegta gectccaatee tteccattcaa aatgtaggta ctctgttcte acccttetta 1920
acaaagtatg acaggaaaaa cttccatttt agtggacatc tttattgttt aatagatcat 1980
caatttctgce agacttacag cggatcccct caggcaccgg gcttgegggt catgcaccag 2040
gtcgegeggt ccttegggca ctegacgteg geggtgacgg tgaagcecgag ccgctcegtag 2100
aaggggaggt tgcggggcegce ggaggtctee aggaaggegyg gcaccccgge gcegeteggece 2160
gectecacte cggggagcac gacggegetg cccagaccect tgecctggtyg gtegggcegag 2220
acgccgacgg tggccaggaa ccacgeggge tecttgggece ggtgeggege caggaggect 2280
tcecatetgtt getgegegge cagccgggaa ccgctcaact cggccatgeg cgggcecgatce 2340
tecggegaaca ccgeccecge ttecgacgete teecggegtgyg tecagaccge caccgeggceyg 2400
ccgtegtecg cgacccacac cttgccgatg tcgagccecga cgcgcegtgag gaagagttcet 2460
tgcagctegg tgacccgete gatgtggcegg tcecggatcega cggtgtggeg cgtggcegggg 2520
tagtcggcega acgceggegge gagggtgegt acggecctgg ggacgtcegte gegggtggeg 2580
aggcgcaccg tgggcttgta ctecggtcata ttggctgcag gtcgaaaggce ccggagatga 2640
ggaagaggag aacagcgcgg cagacgtgcg cttttgaage gtgcagaatg cegggctecg 2700
gaggacctte gggegeccge cccgeccctg ageccgecce tgageccgec cecggacceca 2760
ccecttecca gectetgage ccagaaageg aaggagcaaa gcetgctattyg gcecgetgece 2820
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caaaggccta cccgctteca ttgctcagceg gtgectgteca tectgcacgag actagtgaga 2880
cgtgctactt ccatttgtca cgtcctgcac gacgcgaget geggggcggyg ggggaactte 2940
ctgactaggg gaggagtaga aggtggcegeg aaggggccac caaagaacgyg agccggttgg 3000
cgectaccgg tggatgtgga atgtgtgcga ggccagaggce cacttgtgta gegccaagtg 3060
cccagegggg ctgctaaage gecatgctceca gactgecttyg ggaaaagege ctccectace 3120
cggtagaatt ccccgcggtyg gagcgaggaa gcggaagagt ctagaataac ttcecgtatagt 3180
atacattata cgaagttatg ggtcgatggt gagatctgga ctagagggtc gatggtgatg 3240
cttggataac ttcgtatagc atacattata cgaagttatc ggatcccagt gtggtggtac 3300
tcgaggtcga ctctagagga tcgagcccca gctggttett teccgtcectcag aagccataga 3360
gcccaccgcea tceccccagcat gcectgctatt gtcecttecccaa tectceccect tgectgtectg 3420
ccecacccca ceccccagaa tagaatgaca cctactcaga caatgcgatg caatttecte 3480
attttattag gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga 3540
ggggcaaaca acagatggct ggcaactaga aggcacagtc gaggctgatc agcgagctcet 3600
agagaattga tccecctcaga agaactegtce aagaaggcga tagaaggcga tgcgetgcga 3660
atcgggageg gcgataccgt aaagcacgag gaagcggtca gceccattege cgccaagcete 3720
ttcagcaata tcacgggtag ccaacgctat gtcctgatag cggtccgcca cacccagecg 3780
gccacagteg atgaatccag aaaagcggcec attttccacc atgatattcg gcaagcaggce 3840
atcgccatgg gtcacgacga gatcctegcee gtcecgggcatg cgcgecttga gectggcgaa 3900
cagttcggcet ggcgcgagece cctgatgcte ttegtccaga tcatcctgat cgacaagacce 3960
ggcttccate cgagtacgtg ctecgctcegat gecgatgttte gettggtggt cgaatgggca 4020
ggtagccgga tcaagcgtat gcagccgecg cattgcatca gcecatgatgg atactttete 4080
ggcaggagca aggtgagatg acaggagatc ctgcceccgge acttcgecca atagcageca 4140
gtcececttece gettcagtga caacgtcgag cacagctgeg caaggaacgc ccgtegtgge 4200
cagccacgat agccgcgetg cctegtectg cagttcatte agggcaccgg acaggteggt 4260
cttgacaaaa agaaccgggc geccctgege tgacageegg aacacggegyg catcagagca 4320
gccgattgte tgttgtgcce agtcatagec gaatagcecte tceccacccaag cggccggaga 4380
acctgcegtge aatccatctt gttcaatgge cgatcccata ttggctgcag cccgggggat 4440
ccectgacac cagaccaact ggtaatggta gegaccggeg ctcagetgga attcecgecga 4500
tactgacggg ctccaggagt cgtcgccacc aatccccata tggaaaccgt cgatattcag 4560
ccatgtgect tettecgegt gcagcagatg gcgatggcetg gtttceccatca gttgetgttg 4620
actgtagcgg ctgatgttga actggaagtc gccgcgcecac tggtgtgggce cataattcaa 4680
ttecgegegte cecgcagcgca gaccgtttte gctegggaag acgtacgggg tatacatgtce 4740
tgacaatggc agatcccagc ggtcaaaaca ggcggcagta aggcggtcgg gatagtttte 4800
ttgcggcecct aatccgagec agtttacccg ctcectgctacce tgcgccaget ggcagttcag 4860
gccaatcege gecggatgceg gtgtatceget cgccacttca acatcaacgg taatcgecat 4920
ttgaccacta ccatcaatcc ggtaggtttt ccggctgata aataaggttt tcecccctgatg 4980
ctgccacgceg tgagcggtceg taatcagcac cgcatcagca agtgtatctg ccgtgcactg 5040
caacaacgct gecttecggect ggtaatggce cgeccgectte cagcecgttcga cccaggcgtt 5100
agggtcaatg cgggtcgcectt cacttacgcce aatgtcgtta tccageggtg cacgggtgaa 5160
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ctgatcgecge agcggcgtca gcagttgttt tttatcgceca atccacatct gtgaaagaaa 5220
gcctgactgg cggttaaatt gccaacgett attacccage tcgatgcaaa aatccattte 5280
gctggtggte agatgcggga tggcegtggga cgcggcegggyg agcgtcacac tgaggtttte 5340
cgccagacgce cactgctgec aggcgctgat gtgcccgget tcectgaccatg cggtcegegtt 5400
cggttgcact acgcgtactg tgagccagag ttgcccggeg ctcectecegget geggtagtte 5460
aggcagttca atcaactgtt taccttgtgg agcgacatcc agaggcactt caccgcttgce 5520
cagcggctta ccatccageg ccaccatcca gtgcaggagce tcgttatcge tatgacggaa 5580
caggtattcg ctggtcactt cgatggtttg cccggataaa cggaactgga aaaactgctg 5640
ctggtgtttt gectteccgteca gegectggatg cggegtgegg tcggcaaaga ccagaccgtt 5700
catacagaac tggcgatcgt tcggcegtatce gecaaaatca ccegecgtaag ccgaccacgg 5760
gttgccgttt tcatcatatt taatcagcga ctgatccacc cagtcccaga cgaagccgcec 5820
ctgtaaacgg ggatactgac gaaacgcctg ccagtattta gcgaaaccgce caagactgtt 5880
acccatcegeg tgggcgtatt cgcaaaggat cagcgggcege gtctctccag gtagcgaaag 5940
ccattttttg atggaccatt tcggcacagc cgggaagggc tggtcttcat ccacgcgegce 6000
gtacatcggg caaataatat cggtggccgt ggtgtecgget ccgeccgectt catactgcac 6060
cgggcgggaa ggatcgacag atttgatcca gcgatacagce gcgtcgtgat tagcgcecgtg 6120
gcctgattceca tteccccageg accagatgat cacactcggg tgattacgat cgcgctgcac 6180
cattcgegtt acgcgttege tcatcgecgg tagccagege ggatcatcgg tcagacgatt 6240
cattggcacc atgccgtggg tttcaatatt ggcttcatcce accacataca ggccgtageg 6300
gtcgcacage gtgtaccaca gcggatggtt cggataatgce gaacagcgca cggcgttaaa 6360
gttgttctge ttcatcagca ggatatcctg caccatcgte tgctcatcca tgacctgacce 6420
atgcagagga tgatgctcgt gacggttaac gcctcgaatc agcaacggct tgccgttcag 6480
cagcagcaga ccattttcaa tccgcaccte gcggaaaccg acatcgcagg cttcetgette 6540
aatcagcgtg cecgteggegg tgtgcagttce aaccaccgca cgatagagat tcegggattte 6600
ggcgctcecac agtttecgggt tttegacgtt cagacgtagt gtgacgcgat cggcataacc 6660
accacgctca tcgataattt caccgccgaa aggcgcggtg ccgctggcga cctgegttte 6720
accctgecat aaagaaactg ttacccgtag gtagtcacgce aactcgccge acatctgaac 6780
ttcagectece agtacagegce ggctgaaatc atcattaaag cgagtggcaa catggaaatc 6840
gctgatttgt gtagtcggtt tatgcagcaa cgagacgtca cggaaaatgc cgctcatcecg 6900
ccacatatcc tgatcttcecca gataactgcce gtcactccaa cgcagcacca tcaccgcgag 6960
gcggttttet ccggcecgegta aaaatgcegcet caggtcaaat tcagacggca aacgactgtce 7020
ctggecgtaa ccgacccage geccgttgea ccacagatga aacgccgagt taacgcecate 7080
aaaaataatt cgcgtctgge cttecctgtag ccagctttca tcaacattaa atgtgagcga 7140
gtaacaaccc gtcggattct ccgtgggaac aaacggcgga ttgaccgtaa tgggataggt 7200
tacgttggtg tagatgggcg catcgtaacc gtgcatctge cagtttgagg ggacgacgac 7260
agtatcggcce tcaggaagat cgcactccag ccagctttecce ggcaccgctt ctggtgecegg 7320
aaaccaggca aagcgccatt cgccattcag gctgcgcaac tgttgggaag ggcgatcggt 7380
gcgggectet tegectattac gccagcectgge gaaaggggga tgtgctgcaa ggcgattaag 7440
ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacgggat ccgccatgtce 7500
acagatcatc aagcttatcg ataccgtcga tccccactgg aaagaccgcg aagagtttgt 7560
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cctcaaccge gagetgtgga aaaaaaaggg acaggataag tatgacatca tcaaggaaac 7620
cctggactac tgcgccctac agatctgcag cccgggggat ccactagtte tagectcecgag 7680
taggaattcg ataacttcgt ataatgtata ctatacgaag ttatgggtcg atggtgatgce 7740
ttggcaattc gggtcgatgg tgaagcttgg ataacttegt ataatgtatg ctatacgaag 7800
ttatcaattc gccctatagt gagtcgtatt ctecccgaaaa ccgcttctag caacgaagtt 7860
cctatactat ttgaagaata ggaacttcgg aataggaact tcagctctgt atcgtctatce 7920
gttatgtcta atggtatctg atgcagatct tctgtatcgt ctatcgttat gtctaatggt 7980
atctgatgca gatctgctga agttcctata ctttctagag aataggaact tcggaatagg 8040
aacttcgaat tctcgagggc ccgggctcga ccagctgtge gcatagtgge ttgaatcgat 8100
aaaataaaag attttattta gtctccagaa aaagggggga atgaaagacc ccacctgtag 8160
gtttggcaag ctagcacaac ccctcacteg gggcgceccagt ccteccgattg actgagtege 8220
ccgggtacce gtgtatccaa taaaccctcet tgcagttgca teccgacttgt ggtcectegetg 8280
ttecttggga gggtctecte tgagtgattg actaccegtce agecgggggte tttcacatgce 8340
agcatgtatc aaaattaatt tggttttttt tcttaagtat ttacattaaa tggccatagt 8400
tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggg cgctcttecg 8460
ctteccteget cactgacteg ctgecgcetcegg tegttegget geggcgageg gtatcagetce 8520
actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt 8580
gagcaaaagyg ccagcaaaag gccaggaacc gtaaaaaggc cgegttgetg gegtttttec 8640
ataggctceg ccccectgac gagcatcaca aaaatcgacyg ctcaagtcag aggtggcgaa 8700
acccgacagg actataaaga taccaggcgt ttceccccecetgg aagctcecccte gtgegcetcete 8760
ctgttccgac cctgeccgett accggatacce tgtceccgectt tetceecctteg ggaagegtgg 8820
cgctttetca tagctcacge tgtaggtatce tcagttceggt gtaggtcgtt cgctccaagce 8880
tgggctgtgt gcacgaaccce cccgttcage ccgaccgcetg cgcecttatce ggtaactatce 8940
gtcttgagte caacccggta agacacgact tatcgccact ggcagcagcec actggtaaca 9000
ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact 9060
acggctacac tagaaggaca gtatttggta tctgcgetcect gectgaagcca gttacctteg 9120
gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtagce ggtggttttt 9180
ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct 9240
tttctacggg gtctgacgcet cagtggaacg aaaactcacg ttaagggatt ttggtcatga 9300
gattatcaaa aaggatcttc acctagatcc ttttgcggec gcaaatcaat ctaaagtata 9360
tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagceg 9420
atctgtcectat ttcgttcatc catagttgce tgactcccecg tcgtgtagat aactacgata 9480
cgggagggcet taccatctgg ccccagtget geaatgatac cgecgagacce acgctcaccyg 9540
gctecagatt tatcagcaat aaaccagcca gccggaaggg ccgagcegcag aagtggtect 9600
gcaactttat ccgectceccat ccagtctatt aattgttgec gggaagctag agtaagtagt 9660
tcgccagtta atagtttgeg caacgttgtt gccattgetg caggcatcgt ggtgtcacgce 9720
tcgtegtttg gtatggctte attcagectce ggttcecccaac gatcaaggcg agttacatga 9780
tcececcatgt tgtgcaaaaa agcggttage tcectteggte ctceccgatcgt tgtcagaagt 9840
aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc tcecttactgtce 9900
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atgccatcecg taagatgctt ttectgtgact ggtgagtact caaccaagtce attctgagaa 9960
tagtgtatgc ggcgaccgag ttgctcecttge ccggcgtcaa tacgggataa taccgegcca 10020
catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg aaaactctca 10080
aggatcttac cgctgttgag atccagttcg atgtaaccca ctcgtgcacc caactgatct 10140
tcagcatctt ttactttcac cagcgtttct gggtgagcaa aaacaggaag gcaaaatgcce 10200
gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa 10260
tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt 10320
tagaaaaata aacaaatagg ggttccgcge acatttccce gaaaagtgcce ac 10372
<210> SEQ ID NO 7
<211> LENGTH: 10501
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Retroviral gene trap vector

eFlip3ROSAbetaGeoPuro
<400> SEQUENCE: 7
ctgcagectyg aatatgggcce aaacaggata tctgtggtaa gcagttcctyg ccceggetca 60
gggccaagaa cagatggaac agctgaatat gggccaaaca ggatatctgt ggtaagcagt 120
teetgecceg getcagggcee aagaacagat ggtccccaga tgceggtccag ccctcagcag 180
tttctagaga accatcagat gtttccaggg tgccccaagg acctgaaatyg accctgtgece 240
ttatttgaac taaccaatca gttcgcttet cgettetgtt cgegegette tgctecccga 300
gctcaataaa agagcccaca acccectcact cggggegeca gtectecgat tgactgagte 360
geeegggtac cegtgtatce aataaaccct cttgcagttg catccgactt gtggtctege 420
tgttecttgyg gagggtctcee tctgagtgat tgactacceyg tcageggggyg tetttcattt 480
gggggctegt cegggatcegg gagaccectg cccagggacce accgacccac caccgggagyg 540
caagctggee agcaacttat ctgtgtetgt cegattgtet agtgtctatg actgatttta 600
tgegectgeg teggtactag ttagctaact agetctgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacaccc ggccgcaacce ctgggagacyg tcccagggac ttcegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcaccce 780
cccttagagg agggatatgt ggttctggta ggagacgaga acctaaaaca gttceccgect 840
cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
atccgttget gaagttccta ttccgaagtt cctattcttce aaatagtata ggaacttegt 1440
taacgaagtt cctattccga agttcctatt ctctagaaag tataggaact tcectcecgtgacg 1500
gtctcgaage cgcgggagat ctaattctag atttaagctt ctgatggaat tagaacttgg 1560
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caaaacaata ctgagaatga agtgtatgtg gaacagaggc tgctgatctc gttcttcagg 1620
ctatgaaact gacacatttg gaaaccacag tacttagaac cacaaagtgg gaatcaagag 1680
aaaaacaatg atcccacgag agatctatag atctatagat catgagtggg aggaatgagc 1740
tggcccttaa tttggtttag cttgtttaaa ttatgatatc caactatgaa acattatcat 1800
aaagcaatag taaagagcca cagtaaagag caggcattta tcttaatccce accccaccce 1860
caccceegta gectccaatee tteccattcaa aatgtaggta ctctgttcte acccttetta 1920
acaaagtatg acaggaaaaa cttccatttt agtggacatc tttattgttt aatagatcat 1980
caatttctgce agacttacag cggatcccct caggcaccgg gcttgegggt catgcaccag 2040
gtcgegeggt ccttegggca ctegacgteg geggtgacgg tgaagcecgag ccgctcegtag 2100
aaggggaggt tgcggggcegce ggaggtctee aggaaggegyg gcaccccgge gcegeteggece 2160
gectecacte cggggagcac gacggegetg cccagaccect tgecctggtyg gtegggcegag 2220
acgccgacgg tggccaggaa ccacgeggge tecttgggece ggtgeggege caggaggect 2280
tcecatetgtt getgegegge cagccgggaa ccgctcaact cggccatgeg cgggcecgatce 2340
tecggegaaca ccgeccecge ttecgacgete teecggegtgyg tecagaccge caccgeggceyg 2400
ccgtegtecg cgacccacac cttgccgatg tcgagccecga cgcgcegtgag gaagagttcet 2460
tgcagctegg tgacccgete gatgtggcegg tcecggatcega cggtgtggeg cgtggcegggg 2520
tagtcggcega acgceggegge gagggtgegt acggecctgg ggacgtcegte gegggtggeg 2580
aggcgcaccg tgggcttgta ctecggtcata ttggctgcag gtcgaaaggce ccggagatga 2640
ggaagaggag aacagcgcgg cagacgtgcg cttttgaage gtgcagaatg cegggctecg 2700
gaggacctte gggegeccge cccgeccctg ageccgecce tgageccgec cecggacceca 2760
ccecttecca gectetgage ccagaaageg aaggagcaaa gcetgctattyg gcecgetgece 2820
caaaggccta cccgctteca ttgctcagceg gtgectgteca tectgcacgag actagtgaga 2880
cgtgctactt ccatttgtca cgtcctgcac gacgcgaget geggggcggyg ggggaactte 2940
ctgactaggg gaggagtaga aggtggcegeg aaggggccac caaagaacgyg agccggttgg 3000
cgectaccgg tggatgtgga atgtgtgcga ggccagaggce cacttgtgta gegccaagtg 3060
cccagegggg ctgctaaage gecatgctceca gactgecttyg ggaaaagege ctccectace 3120
cggtagaatt ccccgcggtyg gagcgaggaa gcggaagagt ctagaataac ttcecgtatagt 3180
atacattata cgaagttatg ggtcgatggt gagatctgga ctagagggtc gatggtgatg 3240
cttggataac ttcgtatagc atacattata cgaagttatc ggatcccagt gtggtggtac 3300
tcgaggtcga ctctagagga tcgagcccca gctggttett teccgtcectcag aagccataga 3360
gcccaccgcea tceccccagcat gcectgctatt gtcecttecccaa tectceccect tgectgtectg 3420
ccecacccca ceccccagaa tagaatgaca cctactcaga caatgcgatg caatttecte 3480
attttattag gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga 3540
ggggcaaaca acagatggct ggcaactaga aggcacagtc gaggctgatc agcgagctcet 3600
agagaattga tccecctcaga agaactegtce aagaaggcga tagaaggcga tgcgetgcga 3660
atcgggageg gcgataccgt aaagcacgag gaagcggtca gceccattege cgccaagcete 3720
ttcagcaata tcacgggtag ccaacgctat gtcctgatag cggtccgcca cacccagecg 3780
gccacagteg atgaatccag aaaagcggcec attttccacc atgatattcg gcaagcaggce 3840
atcgccatgg gtcacgacga gatcctegcee gtcecgggcatg cgcgecttga gectggcgaa 3900
cagttcggcet ggcgcgagece cctgatgcte ttegtccaga tcatcctgat cgacaagacce 3960
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ggcttccate cgagtacgtg ctecgctcegat gecgatgttte gettggtggt cgaatgggca 4020
ggtagccgga tcaagcgtat gcagccgecg cattgcatca gcecatgatgg atactttete 4080
ggcaggagca aggtgagatg acaggagatc ctgcceccgge acttcgecca atagcageca 4140
gtcececttece gettcagtga caacgtcgag cacagctgeg caaggaacgc ccgtegtgge 4200
cagccacgat agccgcgetg cctegtectg cagttcatte agggcaccgg acaggteggt 4260
cttgacaaaa agaaccgggc geccctgege tgacageegg aacacggegyg catcagagca 4320
gccgattgte tgttgtgcce agtcatagec gaatagcecte tceccacccaag cggccggaga 4380
acctgcegtge aatccatctt gttcaatgge cgatcccata ttggctgcag cccgggggat 4440
ccectgacac cagaccaact ggtaatggta gegaccggeg ctcagetgga attcecgecga 4500
tactgacggg ctccaggagt cgtcgccacc aatccccata tggaaaccgt cgatattcag 4560
ccatgtgect tettecgegt gcagcagatg gcgatggcetg gtttceccatca gttgetgttg 4620
actgtagcgg ctgatgttga actggaagtc gccgcgcecac tggtgtgggce cataattcaa 4680
ttecgegegte cecgcagcgca gaccgtttte gctegggaag acgtacgggg tatacatgtce 4740
tgacaatggc agatcccagc ggtcaaaaca ggcggcagta aggcggtcgg gatagtttte 4800
ttgcggcecct aatccgagec agtttacccg ctcectgctacce tgcgccaget ggcagttcag 4860
gccaatcege gecggatgceg gtgtatceget cgccacttca acatcaacgg taatcgecat 4920
ttgaccacta ccatcaatcc ggtaggtttt ccggctgata aataaggttt tcecccctgatg 4980
ctgccacgceg tgagcggtceg taatcagcac cgcatcagca agtgtatctg ccgtgcactg 5040
caacaacgct gecttecggect ggtaatggce cgeccgectte cagcecgttcga cccaggcgtt 5100
agggtcaatg cgggtcgcectt cacttacgcce aatgtcgtta tccageggtg cacgggtgaa 5160
ctgatcgecge agcggcgtca gcagttgttt tttatcgceca atccacatct gtgaaagaaa 5220
gcctgactgg cggttaaatt gccaacgett attacccage tcgatgcaaa aatccattte 5280
gctggtggte agatgcggga tggcegtggga cgcggcegggyg agcgtcacac tgaggtttte 5340
cgccagacgce cactgctgec aggcgctgat gtgcccgget tcectgaccatg cggtcegegtt 5400
cggttgcact acgcgtactg tgagccagag ttgcccggeg ctcectecegget geggtagtte 5460
aggcagttca atcaactgtt taccttgtgg agcgacatcc agaggcactt caccgcttgce 5520
cagcggctta ccatccageg ccaccatcca gtgcaggagce tcgttatcge tatgacggaa 5580
caggtattcg ctggtcactt cgatggtttg cccggataaa cggaactgga aaaactgctg 5640
ctggtgtttt gectteccgteca gegectggatg cggegtgegg tcggcaaaga ccagaccgtt 5700
catacagaac tggcgatcgt tcggcegtatce gecaaaatca ccegecgtaag ccgaccacgg 5760
gttgccgttt tcatcatatt taatcagcga ctgatccacc cagtcccaga cgaagccgcec 5820
ctgtaaacgg ggatactgac gaaacgcctg ccagtattta gcgaaaccgce caagactgtt 5880
acccatcegeg tgggcgtatt cgcaaaggat cagcgggcege gtctctccag gtagcgaaag 5940
ccattttttg atggaccatt tcggcacagc cgggaagggc tggtcttcat ccacgcgegce 6000
gtacatcggg caaataatat cggtggccgt ggtgtecgget ccgeccgectt catactgcac 6060
cgggcgggaa ggatcgacag atttgatcca gcgatacagce gcgtcgtgat tagcgcecgtg 6120
gcctgattceca tteccccageg accagatgat cacactcggg tgattacgat cgcgctgcac 6180
cattcgegtt acgcgttege tcatcgecgg tagccagege ggatcatcgg tcagacgatt 6240
cattggcacc atgccgtggg tttcaatatt ggcttcatcce accacataca ggccgtageg 6300
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gtcgcacage gtgtaccaca gcggatggtt cggataatgce gaacagcgca cggcgttaaa 6360
gttgttctge ttcatcagca ggatatcctg caccatcgte tgctcatcca tgacctgacce 6420
atgcagagga tgatgctcgt gacggttaac gcctcgaatc agcaacggct tgccgttcag 6480
cagcagcaga ccattttcaa tccgcaccte gcggaaaccg acatcgcagg cttcetgette 6540
aatcagcgtg cecgteggegg tgtgcagttce aaccaccgca cgatagagat tcegggattte 6600
ggcgctcecac agtttecgggt tttegacgtt cagacgtagt gtgacgcgat cggcataacc 6660
accacgctca tcgataattt caccgccgaa aggcgcggtg ccgctggcga cctgegttte 6720
accctgecat aaagaaactg ttacccgtag gtagtcacgce aactcgccge acatctgaac 6780
ttcagectece agtacagegce ggctgaaatc atcattaaag cgagtggcaa catggaaatc 6840
gctgatttgt gtagtcggtt tatgcagcaa cgagacgtca cggaaaatgc cgctcatcecg 6900
ccacatatcc tgatcttcecca gataactgcce gtcactccaa cgcagcacca tcaccgcgag 6960
gcggttttet ccggcecgegta aaaatgcegcet caggtcaaat tcagacggca aacgactgtce 7020
ctggecgtaa ccgacccage geccgttgea ccacagatga aacgccgagt taacgcecate 7080
aaaaataatt cgcgtctgge cttecctgtag ccagctttca tcaacattaa atgtgagcga 7140
gtaacaaccc gtcggattct ccgtgggaac aaacggcgga ttgaccgtaa tgggataggt 7200
tacgttggtg tagatgggcg catcgtaacc gtgcatctge cagtttgagg ggacgacgac 7260
agtatcggcce tcaggaagat cgcactccag ccagctttecce ggcaccgctt ctggtgecegg 7320
aaaccaggca aagcgccatt cgccattcag gctgcgcaac tgttgggaag ggcgatcggt 7380
gcgggectet tegectattac gccagcectgge gaaaggggga tgtgctgcaa ggcgattaag 7440
ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacgggat ccgccatgtce 7500
acagatcatc aagcttatcg ataccgtcga tccccactgg aaagaccgcg aagagtttgt 7560
cctcaaccge gagetgtgga aaaaaaaggg acaggataag tatgacatca tcaaggaaac 7620
cctggactac tgcgccctac agatctgcag cccgggggat ccactagtte tagectcecgag 7680
taggaattcg ataacttcgt ataatgtata ctatacgaag ttatgggtcg atggtgatgce 7740
ttggcaattc gggtcgatgg tgaagcttgg ataacttegt ataatgtatg ctatacgaag 7800
ttatcaattc gccctatagt gagtcgtatt ctecccgaaaa ccgcttctag caacgaagtt 7860
cctatactat ttgaagaata ggaacttcgg aataggaact tcagcagatc tgcttttcca 7920
tttgcatttc aaatgtgatt ttaacttaca ttatacaaag ctgaaaggtc agtgcaggat 7980
ctgcttttcece atttgcattt caaatgtgat tttaacttac attatacaaa gctgaaaggt 8040
cagtgcagga tctgcttttc catttgcatt tcaaatgtga ttttaactta cattatacaa 8100
agctgaaagg tcagtgcagg atctgctgaa gttcecctatac tttctagaga ataggaactt 8160
cggaatagga acttcgaatt ctcgagggcce cgggctcgac cagctgtgceg catagtggcet 8220
tgaatcgata aaataaaaga ttttatttag tctccagaaa aaggggggaa tgaaagaccce 8280
cacctgtagg tttggcaagc tagcacaacc cctcactegg ggcgccagte ctceccgattga 8340
ctgagtcegece cgggtaccceg tgtatccaat aaaccctett gecagttgcat ccgacttgtg 8400
gtctegetgt tecttgggag ggtcetectet gagtgattga ctacccegtca gcgggggtcet 8460
ttcacatgca gcatgtatca aaattaattt ggtttttttt cttaagtatt tacattaaat 8520
ggccatagtt gcattaatga atcggccaac gcgcggggag aggcggtttg cgtattggge 8580
gctetteege ttectegete actgactege tgcgecteggt cgtteggetg cggcgagegy 8640
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 8700
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agaacatgtg

cgttttteca

ggtggcgaaa

tgcgetetee

gaagcgtgge

gctccaaget

gtaactatcg

ctggtaacag

ggcctaacta

ttaccttegyg

gtggtttttt

ctttgatett

tggtcatgag

taaagtatat

atctcagega

actacgatac

cgcteacegy

agtggtcctyg

gtaagtagtt

gtgtcacgcet

gttacatgat

gtcagaagta

cttactgtca

ttctgagaat

accgegecac

aaactctcaa

aactgatctt

caaaatgceg

ctttttcaat

gaatgtattt

C

agcaaaaggc

taggcteege

cccgacagga

tgttcecgace

gettteteat

gggctgtgtg

tcttgagtee

gattagcaga

cggctacact

aaaaagagtt

tgtttgcaag

ttctacgggy

attatcaaaa

atgagtaaac

tctgtetatt

gggagggett

ctccagattt

caactttatc

cgccagttaa

cgtegtttygyg

cccecatgtt

agttggecege

tgccatcegt

agtgtatgeg

atagcagaac

ggatcttace

cagcatcttt

caaaaaaggg

attattgaag

agaaaaataa

<210> SEQ ID NO 8
<211> LENGTH: 10710

<212> TYPE:

DNA

cagcaaaagg

ccecectgacy

ctataaagat

ctgeccgetta

agctcacget

cacgaacccc

aacccggtaa

gcgaggtatg

agaaggacag

ggtagetett

cagcagatta

tctgacgete

aggatcttca

ttggtctgac

tcgtteatece

accatctgge

atcagcaata

cgectecate

tagtttgege

tatggcttca

gtgcaaaaaa

agtgttatca

aagatgcttt

gegaccgagt

tttaaaagtg

getgttgaga

tactttcacc

aataagggcyg

catttatcag

acaaataggg

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Retroviral gene trap vector

eFlip6ROSAbetaGeoPuro

<400> SEQUENCE: 8

ccaggaaccyg

agcatcacaa

accaggegtt

ccggatacct

gtaggtatct

cegtteagee

gacacgactt

taggcggtgc

tatttggtat

gatccggcaa

cgcgcagaaa

agtggaacga

cctagatect

agttaccaat

atagttgect

cccagtgetyg

aaccagccag

cagtctatta

aacgttgttg

ttcagcteeg

geggttaget

ctcatggtta

tctgtgactyg

tgctettgee

ctcatcattg

tccagttega

agcgtttetyg

acacggaaat

ggttattgte

gtteegegea

taaaaaggcce gcgttgetgyg

aaatcgacgce tcaagtcaga

tccecectgga agetcecteg

gtcegecttt cteccttegg

cagtteggtyg taggtegtte

cgaccgetge gecttateeg

atcgccactyg gcagcageca

tacagagttc ttgaagtggt

ctgegetetyg ctgaagecag

acaaaccacc gctggtageg

aaaaggatct caagaagatc

aaactcacgt taagggattt

tttgcggecyg caaatcaatce

gcttaatcag tgaggcacct

gactceccegt cgtgtagata

caatgatacc gcgagaccca

ccggaaggge cgagcegcaga

attgttgccyg ggaagctaga

ccattgetge aggcatcgtyg

gttecccaacyg atcaaggcga

cctteggtee tecgategtt

tggcagcact gcataattct

gtgagtactc aaccaagtca

cggegtcaat acgggataat

gaaaacgtte tteggggcega

tgtaacccac tcgtgcacce

ggtgagcaaa aacaggaagg

gttgaatact catactctte

tcatgagegg atacatattt

catttccecceyg aaaagtgeca

ctgcagectyg aatatgggec aaacaggata tctgtggtaa geagttceetg cccceggetca

gggccaagaa cagatggaac agctgaatat gggccaaaca ggatatctgt ggtaagecagt

tcectgecceg getcagggee aagaacagat ggtccccaga tgeggtccag ccctcageag

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10501

60

120

180
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tttctagaga accatcagat gtttccaggg tgccccaagg acctgaaatyg accctgtgece 240
ttatttgaac taaccaatca gttcgcttet cgettetgtt cgegegette tgctecccga 300
gctcaataaa agagcccaca acccectcact cggggegeca gtectecgat tgactgagte 360
geeegggtac cegtgtatce aataaaccct cttgcagttg catccgactt gtggtctege 420
tgttecttgyg gagggtctcee tctgagtgat tgactacceyg tcageggggyg tetttcattt 480
gggggctegt cegggatcegg gagaccectg cccagggacce accgacccac caccgggagyg 540
caagctggee agcaacttat ctgtgtetgt cegattgtet agtgtctatg actgatttta 600
tgegectgeg teggtactag ttagctaact agetctgtat ctggeggace cgtggtggaa 660
ctgacgagtt cggaacaccc ggccgcaacce ctgggagacyg tcccagggac ttcegggggece 720
gtttttgtgyg cccgacctga gtccaaaaat cccgategtt ttggactett tggtgcaccce 780
cccttagagg agggatatgt ggttctggta ggagacgaga acctaaaaca gttceccgect 840
cegtetgaat ttttgettte ggtttgggac cgaagccgeyg cegegegtet tgtcetgetge 900
agcatcgttc tgtgttgtcet ctgtctgact gtgtttetgt atttgtctga gaattagggce 960
cagactgtta ccactccctt aagtttgacc ttaggtcact ggaaagatgt cgagcggatc 1020
gctcacaacc agtcggtaga tgtcaagaag agacgttggg ttaccttcectg ctectgcagaa 1080
tggccaacct ttaacgtcegg atggccgcga gacggcacct ttaaccgaga cctcatcacce 1140
caggttaaga tcaaggtctt ttcacctggce ccgcatggac acccagacca ggtcccctac 1200
atcgtgacct gggaagcctt ggcttttgac ccceccteect gggtcaagece ctttgtacac 1260
cctaagectce cgectectet tectcecatce gecececcgtete teccecttga acctectegt 1320
tcgaccecge ctcgatcecte ccectttatcca gcecctcacte cttcetectagg cgccggecgg 1380
atccgttget gaagttccta ttccgaagtt cctattcttce aaatagtata ggaacttegt 1440
taacgaagtt cctattccga agttcctatt ctctagaaag tataggaact tcectcecgtgacg 1500
gtctcgaage cgggagatct aattctagat ttaagcecttet gatggaatta gaacttggca 1560
aaacaatact gagaatgaag tgtatgtgga acagaggctg ctgatctcgt tcecttcaggcet 1620
atgaaactga cacatttgga aaccacagta cttagaacca caaagtggga atcaagagaa 1680
aaacaatgat cccacgagag atctatagat ctatagatca tgagtgggag gaatgagctg 1740
gcccttaatt tggtttagcet tgtttaaatt atgatatcca actatgaaac attatcataa 1800
agcaatagta aagagccaca gtaaagagca ggcatttatc ttaatcccac cccaccccca 1860
ccececgtage tcecaatccett ccattcaaaa tgtaggtact ctgttctcac ccttcecttaac 1920
aaagtatgac aggaaaaact tccattttag tggacatctt tattgtttaa tagatcatca 1980
atttctgcag acttacagcg gatcccectca ggcaccgggce ttgcgggtca tgcaccaggt 2040
cgegeggtee ttegggeact cgacgtegge ggtgacggtyg aagcecgagece gctcegtagaa 2100
ggggaggttyg cggggcgcegg aggtctccag gaaggcggge accccggege geteggeege 2160
cteccacteeg gggagcacga cggcgetgece cagacccettyg cectggtggt cgggegagac 2220
geegacggty gecaggaace acgegggete cttgggecgg tgcggegeca ggaggectte 2280
catctgttge tgcgcggcca gecgggaacce gctcaacteg geccatgcecgeg ggccgatcte 2340
ggcgaacacce gcccecgett cgacgetete cggegtggte cagaccgeca cegeggegec 2400
gtcgtececgeg acccacacct tgccgatgtce gagcccgacg cgcgtgagga agagttettg 2460
cagctcecggtg acccgctega tgtggeggte cggatcgacg gtgtggcgeg tggcggggta 2520
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gteggcegaac geggeggcega gggtgegtac ggccectgggg acgtcegtege gggtggcegag 2580
gcgcaccgtyg ggcttgtact cggtcatatt ggctgcaggt cgaaaggccce ggagatgagg 2640
aagaggagaa cagcgcggca gacgtgeget tttgaagegt gcagaatgec gggcetccgga 2700
ggaccttegyg gegeccgece cgeccectgag cccgecectyg agecccgecce cggacccace 2760
cctteccage ctctgagece agaaagcgaa ggagcaaage tgctattgge cgcetgeccca 2820
aaggcctacce cgcttccatt getcageggt gctgtcecatce tgcacgagac tagtgagacg 2880
tgctacttce atttgtcacg tcectgcacga cgcgagctge ggggcecggggyg ggaacttect 2940
gactagggga ggagtagaag gtggcgcgaa ggggccacca aagaacggag ccggttggeg 3000
cctaccggtg gatgtggaat gtgtgcgagg ccagaggcca cttgtgtage gccaagtgcece 3060
cagcgggget gctaaagege atgctccaga ctgecttggg aaaagcgect cccctacccg 3120
gtagaattcc ccggtggage gaggaagcgg aagagtctag aataacttcg tatagtatac 3180
attatacgaa gttatgggtc gatggtgaga tctggactag agggtcgatg gtgatgettg 3240
gataacttcg tatagcatac attatacgaa gttatcggat cccagtgtgg tggtactcga 3300
ggtcgactcect agaggatcga gccccagetg gttcttteeg tcetcagaagce catagagcecce 3360
accgcatccce cagcatgect gcectattgtcet tceccaatect cecccecttget gtectgecce 3420
accccaccce ccagaataga atgacaccta ctcagacaat gcgatgcaat ttectcattt 3480
tattaggaaa ggacagtggg agtggcacct tccagggtca aggaaggcac gggggagggyg 3540
caaacaacag atggctggca actagaaggc acagtcgagg ctgatcageg agctctagag 3600
aattgatccce ctcagaagaa ctcgtcaaga aggcgataga aggcgatgcg ctgcgaatcg 3660
ggagcggcega taccgtaaag cacgaggaag cggtcagccce attcgecgec aagetcttcea 3720
gcaatatcac gggtagccaa cgctatgtcce tgatageggt cegccacacc cagecggeca 3780
cagtcgatga atccagaaaa gcggccattt tccaccatga tattcggcaa gcaggcatcg 3840
ccatgggtca cgacgagatc ctecgccgtceg ggcatgegeg ccttgagcect ggcgaacagt 3900
tcggectggeg cgageccetyg atgctcetteg tcecagatcat cctgatcgac aagaccggcet 3960
tccatececgag tacgtgcteg ctcecgatgcga tgtttegett ggtggtcgaa tgggcaggta 4020
gccggatcaa gegtatgcag ccgcecgcatt gcatcagcca tgatggatac tttetcecggea 4080
ggagcaaggt gagatgacag gagatcctge cccggcactt cgcccaatag cagccagtece 4140
ctteeegett cagtgacaac gtcgagcaca getgcegcaag gaacgcccegt cgtggecage 4200
cacgatagcc gecgctgcecte gtectgcagt tcattcaggg caccggacag gtecggtettg 4260
acaaaaagaa ccgggcgecce ctgcgetgac agecggaaca cggeggcatce agagcagccg 4320
attgtctgtt gtgcccagtc atagccgaat agcctcteca cccaagcggce cggagaacct 4380
gcgtgcaate catcttgtte aatggccgat cccatattgg ctgcagcccg ggggatcccce 4440
tgacaccaga ccaactggta atggtagcga ccggcgctca gectggaattce cgccgatact 4500
gacgggctec aggagtcgte gccaccaatc cccatatgga aaccgtcgat attcagecat 4560
gtgcecttett ccgegtgcag cagatggcga tggctggttt ccatcagttg ctgttgactg 4620
tagcggctga tgttgaactg gaagtcgccg cgccactggt gtgggccata attcaattceg 4680
cgegteccge agcgcagacce gttttegete gggaagacgt acggggtata catgtctgac 4740
aatggcagat cccagcggtc aaaacaggcg gcagtaaggc ggtcgggata gttttettgce 4800
ggccctaate cgagccagtt tacccgetcet gectacctgeg ccagcectggca gttcaggceca 4860
atccgegecg gatgeggtgt atcgctegcece acttcaacat caacggtaat cgccatttga 4920
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ccactaccat caatccggta ggttttccgg ctgataaata aggttttcce ctgatgectgce 4980
cacgcgtgag cggtcgtaat cagcaccgca tcagcaagtg tatctgccgt gcactgcaac 5040
aacgctgett cggcectggta atggcccgcece gcecttcecage gttcecgaccca ggcgttaggg 5100
tcaatgcggg tcgcttcact tacgccaatg tcgttatcca geggtgcacg ggtgaactga 5160
tcgecgcageg gecgtcagcag ttgtttttta tcgccaatcce acatctgtga aagaaagect 5220
gactggcggt taaattgcca acgcttatta cccagctcga tgcaaaaatc catttcgetg 5280
gtggtcagat gcgggatggce gtgggacgcg gcggggagceg tcacactgag gttttecgece 5340
agacgccact gctgccaggce gcetgatgtge ccggcecttetg accatgeggt cgegtteggt 5400
tgcactacgc gtactgtgag ccagagttgc ccggcgcetcet cecggectgcegg tagttcaggce 5460
agttcaatca actgtttacc ttgtggagcg acatccagag gcacttcacc gcttgccagce 5520
ggcttaccat ccagcgccac catccagtgce aggagctcegt tatcgctatg acggaacagg 5580
tattcgetgg tcacttcgat ggtttgcccg gataaacgga actggaaaaa ctgctgectgg 5640
tgttttgectt cecgtcagege tggatgecgge gtgeggtegg caaagaccag accgttcata 5700
cagaactggc gatcgttcgg cgtatcgcca aaatcaccgce cgtaagccga ccacgggttg 5760
ccgttttcat catatttaat cagcgactga tccacccagt cccagacgaa gccgcecctgt 5820
aaacggggat actgacgaaa cgcctgccag tatttagcga aaccgccaag actgttacce 5880
atcgegtggg cgtattcgca aaggatcage gggcgcgtet ctccaggtag cgaaagccat 5940
tttttgatgg accatttcgg cacagccggg aagggctggt cttcatccac gegecgcegtac 6000
atcgggcaaa taatatcggt ggccgtggtg tceggctecege cgcecttcata ctgcaccggg 6060
cgggaaggat cgacagattt gatccagcga tacagcgcegt cgtgattage gecgtggect 6120
gattcattcc ccagcgacca gatgatcaca ctcgggtgat tacgatcgcg ctgcaccatt 6180
cgecgttacge gttcegctcat cgccggtage cagegcggat catcggtcag acgattcatt 6240
ggcaccatgce cgtgggtttc aatattggct tcatccacca catacaggcc gtagecggtceg 6300
cacagcgtgt accacagcgg atggttcgga taatgcgaac agcgcacggce gttaaagttg 6360
ttectgcttca tcagcaggat atcctgcacce atcgtctget catccatgac ctgaccatgce 6420
agaggatgat gctcgtgacg gttaacgcct cgaatcagca acggcttgcce gttcagcagce 6480
agcagaccat tttcaatccg cacctcgcgg aaaccgacat cgcaggctte tgcttcaatce 6540
agcgtgecgt cggcggtgtyg cagttcaacce accgcacgat agagattcgg gatttceggeg 6600
ctccacagtt tcgggttttc gacgttcaga cgtagtgtga cgcgatcggce ataaccacca 6660
cgctcatcga taatttcacc gcecgaaaggce gcggtgcecege tggcgacctg cgtttcacce 6720
tgccataaag aaactgttac ccgtaggtag tcacgcaact cgccgcacat ctgaacttca 6780
gcctecagta cagecgecggcet gaaatcatca ttaaagcgag tggcaacatg gaaatcgetg 6840
atttgtgtag tcggtttatg cagcaacgag acgtcacgga aaatgccgct catccgccac 6900
atatcctgat cttccagata actgccgtca ctccaacgca gcaccatcac cgcgaggcgg 6960
ttttctecgg cgcgtaaaaa tgcgctcagg tcaaattcag acggcaaacg actgtcectgg 7020
ccgtaaccga cccagegece gttgcaccac agatgaaacyg ccgagttaac gccatcaaaa 7080
ataattcgecg tectggcectte ctgtageccag ctttcatcaa cattaaatgt gagcgagtaa 7140
caacccgteg gattctcecegt gggaacaaac ggcggattga ccgtaatggg ataggttacg 7200
ttggtgtaga tgggcgcatc gtaaccgtgce atctgccagt ttgaggggac gacgacagta 7260
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tcggectcag gaagatcgca ctceccageccag ctttecggca cecgcttcectgg tgccggaaac 7320
caggcaaagc gccattcgec attcaggctg cgcaactgtt gggaagggceg atcggtgegg 7380
gcctettege tattacgcca gctggcgaaa gggggatgtg ctgcaaggceg attaagttgg 7440
gtaacgccag ggttttccca gtcacgacgt tgtaaaacga cgggatccgce catgtcacag 7500
atcatcaagc ttatcgatac cgtcgatcce cactggaaag accgcgaaga gtttgtcecte 7560
aaccgcgage tgtggaaaaa aaagggacag gataagtatg acatcatcaa ggaaaccctg 7620
gactactgcg ccctacagat ctgcagceccg ggggatccac tagttctage ctcgagtagg 7680
aattcgataa cttcgtataa tgtatactat acgaagttat gggtcgatgg tgatgcttgg 7740
caattcgggt cgatggtgaa gcttggataa cttcgtataa tgtatgctat acgaagttat 7800
caattcgccce tatagtgagt cgtattctce cgaaaaccgce ttctagcaac gaagttcecta 7860
tactatttga agaataggaa cttcggaata ggaacttcag cagatctgct tttccatttg 7920
catttcaaat gtgattttaa cttacattat acaaagctga aaggtcagtg caggatctgc 7980
ttttccattt gcatttcaaa tgtgatttta acttacatta tacaaagctg aaaggtcagt 8040
gcaggatctg ctttteccatt tgcatttcaa atgtgatttt aacttacatt atacaaagct 8100
gaaaggtcag tgcaggatct gcttttccat ttgcatttca aatgtgattt taacttacat 8160
tatacaaagc tgaaaggtca gtgcaggatc tgcttttceca tttgcatttce aaatgtgatt 8220
ttaacttaca ttatacaaag ctgaaaggtc agtgcaggat ctgcttttcce atttgcattt 8280
caaatgtgat tttaacttac attatacaaa gctgaaaggt cagtgcagga tctgctgaag 8340
ttcctatact ttctagagaa taggaacttc ggaataggaa cttcgaattce tcgagggcecce 8400
gggctcgace agctgtgcge atagtggctt gaatcgataa aataaaagat tttatttagt 8460
ctccagaaaa aggggggaat gaaagacccece acctgtaggt ttggcaaget agcacaacce 8520
ctcacteggg gcgccagtece tecgattgac tgagtcgecce gggtacccgt gtatccaata 8580
aaccctettg cagttgcatce cgacttgtgg tctegetgtt cecttgggagg gtcectectetg 8640
agtgattgac tacccgtcag cgggggtctt tcacatgcag catgtatcaa aattaatttg 8700
gttttttttc ttaagtattt acattaaatg gccatagttg cattaatgaa tcggccaacy 8760
cgcggggaga ggcggtttge gtattgggcg ctetteceget tectecgcectceca ctgacteget 8820
gcgeteggte gtteggectge ggcgageggt atcagctcac tcaaaggcgg taatacggtt 8880
atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggce 8940
caggaaccgt aaaaaggccg cgttgctgge gtttttecat aggctceccgece cccctgacga 9000
gcatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata 9060
ccaggcegttt ccccectggaa gcectceccectegt gecgetctect gttecgacce tgccgcttac 9120
cggatacctg tccgecttte tecctteggg aagegtggeg ctttcectcata getcacgetg 9180
taggtatctc agttcggtgt aggtcgttcg cteccaagetg ggctgtgtge acgaaccccce 9240
cgttcagcece gaccgctgeg ccttatecgg taactategt cttgagtcca acccggtaag 9300
acacgactta tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt 9360
aggcggtgct acagagttcect tgaagtggtg gcctaactac ggctacacta gaaggacagt 9420
atttggtatc tgcgctctge tgaagccagt taccttcecgga aaaagagttg gtagcetcettg 9480
atccggcaaa caaaccaccg ctggtagegg tggttttttt gtttgcaage agcagattac 9540
gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tcectacggggt ctgacgctca 9600
gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac 9660



79

US 9,085,767 B2

-continued
ctagatcctt ttgcggccgce aaatcaatct aaagtatata tgagtaaact tggtctgaca 9720
gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca 9780
tagttgcctg actccccecgte gtgtagataa ctacgatacg ggagggctta ccatctggcece 9840
ccagtgctgce aatgataccg cgagacccac gctcaccggce tccagattta tcagcaataa 9900
accagccage cggaagggcce gagcgcagaa gtggtcectge aactttatcce gccteccatce 9960
agtctattaa ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca 10020
acgttgttgce cattgctgca ggcatcegtgg tgtcacgcte gtcegtttggt atggettcat 10080
tcagctecgg ttcecccaacga tcaaggcgag ttacatgatce ccccatgttg tgcaaaaaag 10140
cggttagctce cttcecggtect ccgategttg tcagaagtaa gttggceccgca gtgttatcac 10200
tcatggttat ggcagcactg cataattctc ttactgtcat gccatccgta agatgetttt 10260
ctgtgactgg tgagtactca accaagtcat tctgagaata gtgtatgcgg cgaccgagtt 10320
gctettgecee ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtge 10380
tcatcattgg aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat 10440
ccagttcgat gtaacccact cgtgcaccca actgatcttce agcatctttt actttcacca 10500
gcgtttectgg gtgagcaaaa acaggaaggc aaaatgccgc aaaaaaggga ataagggcga 10560
cacggaaatg ttgaatactc atactcttcc tttttcaata ttattgaagce atttatcagg 10620
gttattgtct catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg 10680
ttccgegecac atttecccecga aaagtgccac 10710
<210> SEQ ID NO 9
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer Il
<400> SEQUENCE: 9
cgectectet tectecatcece 20
<210> SEQ ID NO 10
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer I3
<400> SEQUENCE: 10
actcttcege ttectegete caccgegget tegagacegt 40
<210> SEQ ID NO 11
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer I2
<400> SEQUENCE: 11
gggcctctte gctattacge 20

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 12

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial
FEATURE:
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<223> OTHER INFORMATION: primer I4

<400> SEQUENCE: 12

acggtctega agccgeggtg gagcegaggaa geggaagagt

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer Ié

<400> SEQUENCE: 13

getectegee cttgetcace

<210> SEQ ID NO 14

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer I8

<400> SEQUENCE: 14

tagaagcggt tttcgggaga atacgactca ctatagggeg

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer I5

<400> SEQUENCE: 15

tgctggectt ttgctcacat

<210> SEQ ID NO 16

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer I7

<400> SEQUENCE: 16

cgcectatag tgagtegtat tceteccgaaa accgettcta

<210> SEQ ID NO 17

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide P5

<400> SEQUENCE: 17

gatcctgcac tgacctttca getttgtata atgtaagtta aaatcacatt tgaaatgcaa
atggaaaagc a

<210> SEQ ID NO 18

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide Pé

<400> SEQUENCE: 18

gatctgettt tccatttgca tttcaaatgt gattttaact tacattatac aaagctgaaa

40

20

40

20

40

60

71

60
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ggtcagtgca g 71

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer P7

SEQUENCE: 19

gggggctgca gacttacage ggatccccte aggcaccggg cttge 45

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 20

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer P8

SEQUENCE: 20

gggggctgca gccaatatga ccgagtacaa gcccac 36

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 21

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
FEATURE:

NAME/KEY: misc_feature
LOCATION: 36. .46

OTHER INFORMATION: n represents inosine at positions 36, 37, 40,
41, 45 and 46

SEQUENCE: 21

ctactactac taggccacge gtegactagt acgggnnggn ngggnngg 48

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 22

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 22

gccagggttt tcccagtcac ga 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 23

ctactactac taggccacgc gtcgactagt ac 32

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 24

tgtaaaacga cggccagtgt gaaggctgtg cgaggeceg 38
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<210> SEQ ID NO 25

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide Il16

<400> SEQUENCE: 25

cgagccccag ctggttettt ¢

<210> SEQ ID NO 26

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide SR1

<400> SEQUENCE: 26

gctagettge caaacctaca ggtgg

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide I15

<400> SEQUENCE: 27

gtctcagaag ccatagagcce ¢

<210> SEQ ID NO 28

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide ISR2

<400> SEQUENCE: 28

gccaaaccta caggtggggt cttt

<210> SEQ ID NO 29

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide I14

<400> SEQUENCE: 29

actatccecga ccgecttact go

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide iPCRu3

<400> SEQUENCE: 30

cctecgattyg actgagtege cc

<210> SEQ ID NO 31

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

21

25

21

24

22

22
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<223> OTHER INFORMATION: oligonucleotide I13

<400> SEQUENCE: 31

tgttttgace gctgggatct go

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 32

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: oligonucleotide iPCRu4
<400>

SEQUENCE: 32

tacccgtgta tccaataaac cc

<210>
<211>
<212>
<213>

SEQ ID NO 33

LENGTH: 64

TYPE: DNA

ORGANISM: mus musculus
<400>

SEQUENCE: 33

tctttgttte tttcagettt gtataagtaa gttaaaatca catttgaaat gcaaatggaa

aagc

22

22

60

64

The invention claimed is:

1. A gene trap vector comprising a gene disruption and
selection cassette (GDSC) and one or more non-viral, cell-
type-specific enhancer elements that are active in mammalian
cells, wherein said GDSC comprises a promoterless reporter
gene and/or a promoterless selectable marker gene flanked
upstream by a 3' splice acceptor (SA) site and downstream by
a transcriptional termination polyA sequence.

2. The gene trap vector of claim 1, wherein the vector is a
plasmid.

3. The gene trap vector of claim 1, wherein said one or more
non-viral, cell-type-specific enhancer elements

(1) are located upstream of the GDSC, and/or

(ii) are located downstream of the GDSC.

4. The gene trap vector of claim 1, wherein the one or more
non-viral, cell-type-specific enhancer elements contain at
least one binding site for a transcription activating factor.

5. The gene trap vector of claim 1, wherein the one or more
non-viral, cell-type-specific enhancer elements contain bind-
ing sites that bind transcription activation factors in a
sequence-specific manner.

6. The gene trap vector of claim 5, wherein the binding sites
are arranged as tandem repeats.

7. The gene trap vector of claim 1, wherein the one or more
non-viral, cell-type-specific enhancer elements are selected
from the group consisting of hormone responsive elements
and transcription factor binding elements.

8. The gene trap vector of claim 1, wherein the one or more
non-viral, cell-type-specific enhancer elements are tandem
repeats that comprise a transcription factor binding site
selected from the group consisting of NF-kB, Oct2, Oct3, and
Oct4 transcription factor binding sites.

9. The gene trap vector of claim 8, wherein the transcrip-
tion factor binding sites are the Oct-4 transcription factor
binding sites.

10. The gene trap vector of claim 9, wherein the Oct-4
transcription factor binding site are inserted between two
homotypic or heterotypic site-specific recombination targets.

30

35

40

45

50

55

60

11. The gene trap vector of claim 1, wherein the reporter
gene is a R-galactosidase neomycinphosphotransferase
fusion gene.

12. The gene trap vector of claim 1, further comprising a
puromycin resistance gene inserted upstream or downstream
of the GDSC.

13. The gene trap vector of claim 12, wherein the puromy-
cin resistance gene is in direct or inverse transcriptional ori-
entation relative to the GDSC.

14. The gene trap vector of claim 1, further comprising
site-specific recombinase recognition elements that are ori-
ented in opposing directions and flank the GDSC and the one
or more enhancer elements such that inversion of the GDSC
and the one or more enhancer element is mediated in the
presence of the site-specific recombinase.

15. The gene trap vector of claim 14, wherein the recom-
binase is a Cre or a Flp recombinase.

16. The gene trap vector of claim 1, wherein the vector
comprises a 5' and a 3' nucleotide sequence homologous to
the 5' and the 3' sequence of an intron of a target gene, wherein
the nucleotide sequences flank the GDSC and the one or more
non-viral, cell-type-specific enhancer elements and further
mediate homologous recombination at the intron.

17. A mammalian cell comprising the gene trap vector of
claim 1.

18. A retroviral gene trap vector comprising a GDSC and
one or more cell-type-specific enhancer elements that are
active in mammalian cells, wherein said GDSC comprises a
promoterless reporter gene and/or a promoterless selectable
marker gene flanked upstream by a 3' splice acceptor (SA) site
and downstream by a transcriptional termination polyA
sequence.

19. The retroviral gene trap vector of claim 18, which is
eFlip3ROSApgeo or eFlip6ROSApgeo having the nucle-
otide sequence of SEQ ID Nos:4 and 5, respectively.
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